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THE INSTRUMENTS OF TYCHO BRAHE AT THE PRAGUE 
OBSERVATORY. 


H. C. WILSON 


We think our readers will be interested in the two illustrations 
given of the instruments used by the celebrated astronomer 
Tycho Brahe three hundred years ago. The illustrations are re- 
produced from a pamphlet* just received from the present director 
of the Prague Observatory, and the originals were photographs, 
taken in July 1894, of instruments now in the possession of the 
Prague Observatory. Tycho, it will be rem¢mbered by those 
who have* read his life, made the most of his splendid series of 
observations of the Sun, Moon and planets on the island of 
Hveen near Copenhagen, but the last two years of his life, 1599- 
1601, were spent in Bohemia and the last year in the city of 
Prague. He had his instruments, numbering twenty-eight in all, 
transported from Hveen to Prague, but they were greatly de- 
layed in transit and were not installed in a permanent Observa- 
tory. At Tycho’s death Kepler, who had been his assistant for a 
short time, used some of them in observing the planet Mars, but 
was within a year deprived of their use by Tengnagel, who 
claimed to be Tycho’s scientific heir, and the instruments were 
stored away in a vault in the house of Curtius, which Tycho had 
occupied while in Prague. Kepler never got access to them 
again, of which he complains repeatedly in his writings. They 
seem to have been preserved in this manner until the year 1619, 
when the Bohemians rose against the House of Habsburg and 
elected Frederic V., Elector Palatine, their king, and during the 
disturbances which followed, some of the rebels are said to have 
destroyed the instruments as imperial property. Dr. Dreyer in 
his ‘‘Tycho Brahe,’ Appendix, says that only the great globe 
was saved, which was afterward sent to Denmark and was pre- 
served in the University Observatory at Copenhagen until 1728 
when it was unfortunately destroyed in the great conflagration. 
Dr. Dreyer states that at the present day there is neither at 

* Die Tychonischen Instrumente auf der Prager Sternwarte, von Prof. Dr. L 
Weinek, director der K. kK. Sternwarte in Prag 
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Prague nor Copenhagen the smallest vestige of Tycho’s celebrated 
instruments, and adds the following in a foot note: 

At the Prague Observatory (founded in 1751 in the Clementinum, far from 
Tycho Brahe’s Observatory) there are two sextants and a clock showing the 
Tychonic system, which are supposed to have belonged to Tycho Brahe; but they 
show no sign of Tycho's refined workmanship, and the two sextants (the larger 
of which is said to have been made for him in 1600 by Erasmus Habermel) have 


not his peculiar pinnules. There is no proof of their ever having belonged to 


Tycho Brahe (Astron. meteorol. und magn. Beohachtungen an der Sternwarte 
zu Prag im Jahre 1889, p. IV) 

Dr. Weinek in the pamphlet which we have just received, com- 
bats similar statements to the above made recently in the Publi- 
cations of the Royal Bohemian Society, by Dr. F. J. Studnicka, 
professor of mathematics in the ‘‘Cechischen’’ University in 
Prague, and maintains the authenticity of the two sextants as 
Tychonian instruments. He quotes the following two para- 
graphs from Dr. Studnicka as requiring correction: 

“That our Prague, the last place where he (Tycho Brahe) 
worked, should possess the largest number of relics of Tycho 
Brahe might easily be expected, since he moved here with all his 
treasures, among them valuable books and instruments, and 
since these remained here after his death. But such is not the 
case. As often happens, his priceless possessions met with the 
sad fate of being entirely scattered in course of time, especially 
since they fell into careless hands+ that sold almost as old iron, 
what had played a grand role in Tycho’s researches.”’ 

+ “The sanguine expectations of the Observatory management, to obtain a 
new telescope with the proceeds from the old inventory numbers, came alas! not 
to tulfillment; but the priceless Tychoniana vanished forever from the catalogue.” 

“Tt is well known that the art and science loving Emperor 
Rudolph II gathered to his court with alchemists and astrologers 
also men of skill and learning, so that at that epoch the élite of 
education found a welcome reception at Hradschin and there did 
Erasmus Habermehl, a Nuremberg mechanician, find a position 
worthy of his skill; especially did the astronomical needs of the 
court, modern and elegant instruments, lead to well-paid ap- 
pointments. Above all there were two sextants, a larger one 
for the court astronomer Brahe and a smaller one for the royal 
adept himself which he began using here in the year 1600, and of 
which only the first escaped the sad fate of the other similar in- 
struments, so that it is now the one notable Tychonianum of the 
Prague Observatory.” 

In reply to these statements Dr. Weinek maintains that such 
criticisms ought not to have been made without careful examin- 
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ation of the records and relics in the Observatory of Prague, 
which examination Dr. Studnicka has not made, not having 
been in the Observatory during the seventeen years of Dr. 
Weinek’s directorship. ‘In case he had come,” says Dr. Weinek 
“T should soon have convinced him of the erroneousness of the 
unpleasant charges against one of my predecessors, and should 
have shown him also the two very valuable Tycho instruments, 
which are kept in a special room of the astronomical museum of 
the Observatory and which are held in greatest respect, and with 
reference to them I should have called his attention to the picture 
of the same in the Atlas of Celestial Science by Baron A. von 
Schweiger-Lerchenfeld (Vienna 1898) p. 59. He ought to have 
done this all the more since he is not an astronomical specialist, 
and an anniversary article ought to give prominence only to 
what is authentic.” 

The charge of the sale of possibly valuable old instruments 
was made against Josef BGhm, who was director of the Prague 
Observatory from 1852 to 1868 and is stated plainly in R. 
Wolf’s ‘‘Geschichte der Astronomie”’ (Munich 1877) in the fol 
lowing language: 

‘““As to the later fate of the instruments one knows but little; 
according to Kiistner, they were partly scattered, partly de 
stroyed, at the time of the revolutionary movements after the 
death of Emperor Mathias, 1619, when Prague was taken from 
the courts-palatinate. . . . At the Prague Observatory at 
present there is nothing preserved but a great iron quadrant 
which probably belonged to Tycho; nothing more, for sad _ to 
say the entire contents of a lumber room of the astronomical 
tower, which may have contained many things, were a short 
time ago sold at auction without sorting them over.” 

Dr. Weinek meets this charge with the inventories on file at the 
Observatory which show not only the present apparatus but also 
that which was offered for sale by Professor Bbhm. In the latte 
there was nothing of the character of Tycho’s instruments. 

There is also an old inventory signed by A. Strnadt, who was 
director of the Observatory from 1781 to 1799. In this under 
the head of astronomical instruments Tycho Brahe’s name oc 
curs only three times as follows: 

“1 Sextant of Tycho Brahe.” 

“1 Octant the same.”’ 

‘*1 clock, representing the planetary system according to 
Tycho Brahe.” 


The clock is not regarded as one of Tycho’s instruments. So 
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there were at the close of the eighteenth century only two Ty- 
chonian instruments at the Observatory of Prague, and these two 
were the ones now listed as 


“No. 4. A great sextant of Tycho Brahe, which was made by 
Erasmus Habermel in the year 1600.” 

“No. 6. A smaller sextant of Tycho Brahe, which he brought 
with him to Prague.” 

The great sextant, No. 4, as measured in November 1900, has 
a radius of 1.295 meters (50.9 inches) reckoning to the middle 
of the width of the divided are. The smaller sextant has a 
radius of 1.11 meters (43.7 inches). In both the angle at the 
center measures 60°, so that the description which Strnadt gave 
of the Smaller instrument as ‘‘Octans’’ seems to be incorrect and 
must be replaced by “Sextans.”’ Inthe great sextant the sights 
at the center of the circle (ocular sights) are unfortunately miss- 
ing but the two objective sights on the are are present. In the 
smaller sextant both the ocular sights are present, one fixed and 
the other movable with the alidade, while of the two objective 
sights the fixed one near the zero point of the division is missing. 

As to the origin of the larger sextant there is no manner of 
doubt; for at the center of rotation of the alidade the following 
inscription in the old characters is plainly to be read: ‘“ Pragae 
fecit Erasm, habermel 1600.) The smaller sextant was probably 
not made by Erasmus Habermel, since it has no inscription like 
that upon the other, and the form of the cross braces is different. 

There is also at the Prague Observatory a three-footed quad- 
rant, which to all appearances belongs to the time of Emperor 
Rudolph II, the chief argument in its favor being the similarity of 
its vertical standard to that of the sextant made by Erasmus 
Habermel in 1600. In both the foot of the standard is of skillful 
handwork in iron and shows the Renaissance style mixed with 
baroque of the later Renaissance. In both the standard ends at 
the top in a cylindrical spindle over which a socket upon the 
sextant or quadrant fits. In the smaller sextant the socket is 
upon the standard and the spindle upon the sextant. 

Since it was with these instruments or such as these that Tycho 
Brahe made the series of observations, from which Kepler de- 
rived those three laws of the solar system, which made him 
famous and established the truth of the Copernican system, it 
seems of the highest importance that the truth concerning their 
origin should be known and that they should be most carefully 
preserved, as they are now at the Prague Observatory. 
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ATTRACTION AND FIGURE OF THE EARTH. III. 
W. W. PAYNI 


In the January number of this publication, page 7, will be 
found a brief account of the attempts made to determine the 
shape and size of the Earth, by measurement of ares of meridians 
on the Earth’s surface. The work there very briefly sketched 
covered a period of nearly 2,000 years, beginning with the times 
of Archimedes and extending forward to the year 819, when 
the measure of the Bagdad meridian was made, in which period 
is comprised the important active work on this problem in early 
times. The results are named, and the kind of work done com- 
mented on, as seemed just and proper. 

A cessation of all work on this important problem followed on 
account of the wars of the middle ages, and it was not revived 
again until the 15th century, almost everything being lost in the 
mean time, so that when undertaken again, it was begun quite 
anew. 

We’ also spoke of the work between 1525 and 1671 in which 
decided advance was made both in method of work and the re- 
sults obtained. Soon after this a very important discussion 
sprung up that should receive attention in this connection. An 
account of this dispute is so well written by Mr. D. H. Pollard in 
Vol. 21, No. 4, of the School of Mines Quarterly that we reprint 
nearly all of the article which was furnished us by kindness of 
Professor J. K. Rees of Columbia University. After a brief his 
toricai introduction closely covered by what is said above and in 
previous articles Mr. Pollard says: 

“Now, concerning the shape of the Earth, there arose a dispute 
which was not settled until the French Academy sent out two ex- 
peditions, the one north, the other south, in 1735. There wasnot 
so much said on the side of Newton, but from the side of those 
who mainly. upheld the Cassinian measurements and theory of 
the prolate form, there appeared many memoirs and papers to 
prove that the Earth was prolate. And indeed the French had 
good reason for thinking that Newton was wrong, because his 
theory of gravitation had failed until he had used in his caleula- 
tions Picard’s measurements for a degree. Besides, Cassini had 
had better instruments and was much more careful in his work 
than Picard could have been, for which reasons his work should 
be more accurate. 
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David Gregory, the Savilian Professor of Astronomy at Oxford, 
was the first of any importance, after Huyghens, to publish any- 
thing on the subject. In his “‘Astronomize Physice et Geometrize 
Elementa,” published in 1702, he upholds Newton not merely by 
agreeing that the Earth might be an oblate spheroid, but by stat- 
ing it as a positive fact. Also Hermann, a Dutch astronomer, in 
1716 published a book in which the theories of Newton and Huy- 
ghens are maintained. For these views both men were later criti- 
cised by the French as having no foundation for their statements. 

A short while before the appearance of this work of Hermann’s, 
J. Cassini had published, in the Memoirs for 1713, an article 
maintaining the assertion that the Earth is oblong, with its ma- 
jor axis passing through the poles. He mentions Newton's and 
Huyghens’ views tothe contrary, and sets up against them the de- 
ductions drawn by Eisenschmidt. This astronomer had com- 
pared all the best measurements hitherto made, those of Snell, in 
Holland, Picard, in France, Riccioli, in Bologne, and Eratos- 
thenes, between Alexandria and Syene. He found that the sta- 
tistics showed that the further south the degree was measured 
the greater was its length. For this reason he reached the con- 
clusion that the Earth must be a prolate spheroid. As further 
proof Eisenschmidt cites Burnet, who, after a great deal of study, 
says that although the diurnal rotation of the Earth tends to 
raise it at the equator, the resistance of the air has the opposite 
effect, and causes the particles to move towards the poles so as 
to maintain equilibrium, thus elongating the Earth in the direc- 
tion of the poles. 

After giving Eisenschmidt’s proof, Cassini compares his own 
recent observations with those of Picard. As his own measure- 
ments were exact and gave an increase in the length of degrees in 
going from north to south, he must believe in the prolateness of 
the Earth’s form. Moreover, his own results show that Picard 
did not get the exact difference between consecutive degrees. The 
difference is greater than Picard had announced, and the difference 
between the major axis and minor axis is even greater than had 
been supposed. Cassini found the greatest difference between 
consecutive degrees to be in the longitude of 45°, and the least at 
the poles or the equator. 

Another well known member of the French Academy to take 
an active part in the discussion of the shape of the Earth was 
Mairan. He placed implicit faith in Cassini's carefulness and ac- 
curacy, and then published, in the Memoirs of 1720, an article 
proving Cassini’s views. His article contained dimensions worked 
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out from Cassini’s results as a basis; but far more interesting is 
his law to show that the force of gravity should decrease from the 
pole to the equator. First he said that the centrifugal force is 
greater at the equator than it is at the poles for a perfect sphere, 
for which reason the weight of a body is less at the equator. As 
Newton's law did not show this for a prolate spheroid, Mairan 
invented a law of his own, which is as follows: “At every point of 
the surface of a body of revolution the force of attraction would 
vary inversely as the product of the principal radii of curvature 
at that point.”” Assuming this law Mairan proceeds triumph- 
antly to show that the force of gravity decreases in going from 
the pole to the equator in the case of a prolate spheroid, but in- 
creases if the spheroid is oblate. The Paris Academy accepted 
Mairan’s opinions, so favorable to the cause, seemingly without 
question. 

The next article of importance dealt directly with the papers of 
Mairan and Cassini. In 1726 there was published a * Disserta- 
tion Concerning the Figure of the Earth,’ by Desaguliers. Part 
of the work was devoted to the criticism of Cassini’s measure- 
ments, but the more important portion opposed the view and 
law of Mairan. Of course, so far as criticising Mairan by as 
serting the trust of Newton’s law was concerned nothing would 
come from it, as Mairan would simply refuse to accept Newton 
as an authority. But one thing that Desaguliers did do was 
to prove the imaccuracy of Mairan’s law, He compared the re 
sults acquired by observing pendulum experiments with the re 
sults that should come about according to Mairan, and showed 
that, even if the theory of the prolate form of the Earth were ac- 
cepted as a fact, the pendulum would have to be shortened fiv« 
times too much by following the law. 

In addition to Desagulier’s objections to Cassini appeared also 
a letter by Poleni, which Cassini thought worthy of response. 
Accordingly we have in the Memoirs of 1723 an answer to ob 
jections and criticisms that had been made. Cassini said that as 
he was one of the men referred to in Poleni’s letter, he was bound 
to defend the accuracy of the work in which he was involved. 
Then he replied to the objections in order. He asserted there 
could have been no error in the operations, as every precaution 
was taken, such as observing one star to verify the results given 
by observations made with another, and by reversing the appa 
ratus used to secure accuracy. Then he dealt with an apparent 
proof of the oblateness of the Earth derived from an eclipse of a 
satellite of Jupiter. Poleni said that such an eclipse had indi- 
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cated that the Earth is oblate. Cassini replied by asking if the 
astronomer who made the observation could be as nearly exact 
as four seconds, upon which exactness depended the truth of the 
proof. No astronomers at that time thought they could be sure 
of the result within ten seconds. Other queries concerning the 


base line and triangles used by Cassini were answered, and as re- 
garded the plan of measuring a degree of longitude, the reply 
was that such a scheme had been tried and tended to show that 
the Earth was still more prolate than the measurements of lati- 
tude would indicate. 

The next year after this response Cassini made some observa- 
tions of his own in the length of a degree of longitude, 7. e., east 
and west on the parallels of latitude, as compared with thelength 
required for an earth which should be a perfect sphere. On the 
parallel passing through St. Malo he found the length ot a degree 
to be 36,670 toises, whereas 37,707 toises were necessary for the 
condition that the Earth should be a sphere. Also in the longi- 
tude of Strasburg the length of a degree was 37,066 toises, or 
679 toises less than it should be for a spherical earth. These con- 
ditions being true, the only conclusion to be drawn was that the 
Earth was not a sphere, but a prolate spheroid. Cassini de 
Thury was also making investigations as to the length of a de- 
gree of longitude with the result that he reached the same infer- 
ence as J. Cassini. At Brest he found the degree too short by 300 
toises, and at Nantes it lacked 781 toises of the required length. 
Therefore the Frenchmen thought there should be no reasonable 
doubt concerning the prolate form of the Earth, and in the arti- 
cle that J. Cassini published upon the investigations we have the 
following conclusion: ‘‘We remarked in the preceding memoirs 
that supposing the Earth to be of an elliptical form, with the 
major axis passing through the poles, as results from observa- 
tions on the meridian, the degrees of longitude should be less 
than if the Earth were spherical. Thus all the observations 
made from the south to the north, from the east to the west, 
agree in giving the Earth the form of an ellipse elongated 
towards the poles, which tact, if not regarded as complete proof, 
ought at least to be a great argument in favor of this opinion.”’ 

During the same year that Cassini was measuring his degree of 
longitude appeared an article by Maupertius. This gentleman 
gives an impartial review of the different theories held by both 
schools, and of criticisms made by the one against the other. 
However, he himself does not uphold either.school, although in 
the solutions of his problems he uses illustrations which show 
plainly his leaning towards the Cassinian theory. 
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The next year, 1734, John Bernouilli, in competing for a prize 
offered by the French Academy, devoted part of his essay to the 
consideration of the shape of the Earth. In this he was unfair. 
possibly because he disliked Newton, or because he wished to sup- 
port his own countrymen. He assumed the old Cartesian theory, 
depending upon the principle of vortices, and then proved that the 
Earth must be prolate. It is rather a strange circumstance that 
about sixty-five years before, in 1669, Huyghens read a paper be- 
fore the French Academy, in which he said that theoretically, the 
centrifugal forces of Descartes would necessarily lead to the con- 
clusion that the Earth would have a flattening at the poles. Thus 
we have opposite results from the same hypothesis. 

For the year 1735 we have two articles worth consideration, 
one by Maupertuis, the other by Stirling. 


This time Maupertuis 
argued directly in favor of Cassini. 


He said that Newton’s the- 
ory, upheld by Gregory, needed proof, . because observations 
tended to disprove its truth. He then showed that Cassini’s 
measurements could have an error of ninety toises without dis- 
proving the theory that the Earth’s form is elongated towards 
the poles. The article by Stirling took the opposite view. He 
computed the diminution in the force of gravity, and found that 
four-fifths of it is due to centrifugal force. Then Stirling asserted 
that “as the Earth could not be oblate unless it revolved, nor 
could it revolve without assuming that shape, the diminution of 
gravity from the poles to the equator proves both rotation and 
the fact that the Earth is an oblate spheroid.”’ Owing to the 
conflict between this theory and the observations of the length 
of a degree, he pronounced himself not entirely satisfied, but he 
hoped for a definite decision after the French expeditions made 
their measurements. 

The expeditions mentioned by Stirling were two sent out in 
1735. The conflict about the shape of the Earthhad causeda split 
in the Academy, some favoring one view, others the other. Some 
had maintained the view of Huyghens until Eisenschmidt’s essay 
reached them, when they turned to his way of thinking. The 
larger number favored the prolate form, but the feeling was so 
strong that finally the king ordered two expeditions, under expert 
astronomers, to be sent out; one to go to the north, the other to 
the south. In this way he hoped to settle the question once for 


all. 


Accordingly the expeditions were quickly prepared. The one 
to go tothenorth wascomposed of Maupertuis, Clairaut, Camus, 


Le Monnier, the Abbé Outhier, and Celsius, the professor of as- 
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tronomy at Upsal. Those to make the expedition south were 
Godin, Bouguer and de la Condamine. 

The expedition to the north was the first to complete its work, 
the men arriving home about sixteen months after their depar- 
ture. The degree measured at Tornea by them was 377 toises 
longer than the mean degree in France, and 900 toises longer than 
the degree should be ascomputed according to Cassini’s hypothe- 
sis. Then Cassini raised the objection that the result could not 
be depended upon, because there was neither a double observa- 
tion, nor a reversal of instruments for verification. Maupertuis 
answered by saying that Picard did not take the precaution re- 
quired by Cassini, and that anyway the instruments used in the 
last expedition were of such a quality that it was not necessary 
to take so much trouble. Then in turn Professor Celsius ques- 
tioned the accuracy of Cassini’s computations, and showed a 
method devised by a friend, Olaus Hiorten, which gets a smaller 
result from Cassini's triangles, and proves the Earth to be ob- 
late. Celsius said he did not believe that the observations taken 
in France had the degree of exactness sufficient to be depended 
upon in a question of fifty years’ dispute. 

The expedition sent to the south had a much harder time and 
about ten vears had elapsed before the astronomers returned 
home. But when their results were compared with those of 
Maupertuis and his co-workers, it was found that the degree in 
Peru was much less than at the north. For this reason they 
were compelled to admit that the Earth is an oblate spheroid, 
and that Newton was correct in his theory. 

New measurements were made of the old are in France by 
Cassini de Thury, in 1740. He divided the are into parts and 
found that the degree in the northern part was the greater. This 
measurement was the basis of a claim that he and his party were 
the first to settle definitely the question as to the shape of the 
Earth. But this is not just. Both the northern and southern 
expeditions had more right to make such a claim, and indeed 
each of them did make it. Works were published individually in 
which some of the men seemed to take all the credit upon them- 
selves. 
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THE SUN AND HIS SYSTEM. 


Although the outer confines of space have, as we have seen, 
been compelled to bring their tribute of new knowledge by means 
of the penetrating power possessed by modern telescopes, and 
the camera and spectroscopes attached to them, the study of the 
near has by no means been neglected, and for the reason that in 
astronomy especially we must content ourselves in the case of 
the more distant bodies by surmising what happens in them 
from the facts gathered in the region where alone detailed obser- 
vations are possible. 

Thus what we can learn about the Sun helps to explain what 
we discern much more dimly in the case of stars; a study of the 
Moon’s face we are compelled to take as showing the possibili- 
ties relating to the surface condition of other satellites so far re- 
moved from us that they only appear as points of light. 

To begin then with the Sun: where a volume might be written 
a few words must suffice. I have already stated that at the 
beginning of the century the prevailing opinion was that it was 
a habitable globe. It was limited to the fiery ball we see. At 
the end of the century it is a body of the fiercest heat, and the 
ball we see is only a central portion of a huge and terribly inter- 
esting mechanism, the outer portions of which heave and throb 
every eleven years. Spots, prominences, corona, everything, feel 
this throbbing. 

Although the discovery of spots on the Sun was among 
Galileo’s first achievements, it was reserved for the last half of 
the present century to demonstrate their almost perfect period- 
icity. 

Thanks to the labors of Schwabe, Wolf, Carrington and De la 
Rue, Stewart and Loewy, we now know that every eleven years 
the spots wax and wane; Tacchini and Ricco during the last 
thirty years have proved that the prominences follow suit; and 
the fact that the corona also obeys the same law was established 
during the American eclipse of 1878. 
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The study of solar physics consists in watching and recording 
the thermal, chemical and other changes which accompany this 
period. Some of these effects can be best studied during those 
times when the ball itself is covered by the Moon in an eclipse. 
Then the outer portions of the Sun are revealed in all their 
beauty and majesty, and all the world goes to see. 

But it is the quiet daily work in the laboratory which has en- 
abled us to study the Sun’s place in relation to the other stars, 
and so to found a chemical classification of all the stars that 
shine. 

From theSun we may pass to his system, and first consider the 
nearest body to us—the Moon. 

While some astronomers have been discussing the movements 
and evolution of our satellite others have been engaged upon 
maps of its surface; upon questions dealing with a lunar at- 
mosphere; or a study of the origin of the present conformations, 
and of possible changes. The science of selenology may be said 
to have been founded by Schréter at the beginning of the century 
but it required the application of photography in later years to 
put it on a firm basis. Maps of the Moon have been prepared 
by Lohrmann, Beer and Midler and Schmidt, the latter showing 
the positions of more than 30,000 craters. 

Very erroneous notions are held by some as to what we may 
hope to dod in the examination of the Moon’s surface by a power- 
ful telescope. A power of a thousand enables us to see it as if we 
were looking at York from London. It is recorded that Lassell 
once said that with his largest reflector in a ‘‘fit’’ of the finest 
definition, he thought he might be able to detect whether a car- 
pet as large as Lincoln’s Inn Fields was round or square. Under 
these circumstances, then, we may well understand that the ques- 
tion of changes on the surface has been raised from time to time 
never to be absolutely settled one way or the other. By many 
the existence of an atmosphere is denied and this is a condition 
which would negative changes, anything like the geological 
changes brought about on the surface of the Earth, but the idea 
is now held by many that there is still an atmosphere though of 
great tenuity. 

The last few years of the century have been rendered memora- 
ble from the lunar point of view by the publication and minute 
study of a most admirable series of photographs of the Moon 
obtained by the great equatorial Coudé of the Paris Observatory 
by Leowy and Puiseaux. One of the chief points aimed at has. 
been to determine the sequence of the various events represented 
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by the rills, craters, and walled plains, the mountain ranges and 
seas. This work is still in progress, the fourth part of the atlas 
being published in 1900; but enough has already appeared to in- 
dicate that the results of the inquiry when completed will be of 
the most important kind. The authors have already come tothe 
conclusion that the lunar and terrestrial sea bottoms much re- 
semble each other, inasmuch as both have convex surfaces. The 
lunar seas began by sinking of vast regions; the formidable vol- 
canic eruptions of which the Moon has been the scene have taken 
place in times equivalent to those labelled ‘trecent”’ in geological 
parlance. There is evidence that the axis of the Moon has under- 
gone great displacements, and four great periods of change have 
been made out. Finally they state that there is serious ground 
to believe that there is an atmosphere of some sort remaining. 

It may readily be understood that with each increase of optical 
power new satellites of the various planets have been discovered. 
Soon after the discovery of Neptune a satellite was noted by Las- 
sell. In 1846 both he and the eagle-eyed observer Dawes inde- 
pendently discovered another satellite (Hyperion) of Saturn. 
Lassell was rewarded in the next year by the discovery of two 
more satellites of Uranus, but, strangest observation of all, in 
1877 Hall discovered at Washington two satellites of Mars some 
six or seven miles only in diameter, one of them revolving round 
the planet in seven and one-half hours at a distance of less than 
4,000 miles. As the day on Mars is not far different in duration 
from our own, this tiny satellite must rise in the west and south 
three times a day. 

Wonderful as this discovery was, it is certainly not less wonder- 
ful when we consider it in connection with a passage in “Gulli- 
ver’s Travels,’ so true is it that truth is stranger than fiction. 
Swift in his satirical reference to the inhabitants of Laputa 
writes: “They have likewise discovered two lesser stars, or satel- 
lites, which revolve around Mars, whereof the innermost is dis- 
tant from the center of the primary planet exactly three of his 
diameters, and the outermost five; the former revolves in the 
space of ten hours; and the latter in twenty-one and a half.” 

The last discovery of this kind has been that of an inner satel- 
lite of Jupiter by Barnard in 1892. 

The planets from Mercury to Saturn were known to the an- 
cients. I have already referred to the discovery of Uranus by 
Herschel’s giant telescope, not long before the century was born, 
and of Neptune, by analysis, toward the end of the first half of 
the century. With regard to what modern observations have 
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done in regard to their physical appearance, the first place in gen- 
eral interest must be given to Saturn and Mars. 

Saturn has always been regarded as the most interesting of the 
planetary family on account of its. unique rings. Many subdivi- 
sions of the rings, and a dusky ring first seen by Dawes and Bond, 
have been discovered during the last sixty vears. 

The meteoric nature of the rings was suggested by Clerk Max- 
well in 1857, and Keeler’s demonstration of the truth of this 
view by means of the spectroscope, a few years ago, was brilliant 
in conception and execution. 

But during the last half of the century the interest centered in 
Mars has been gradually increasing. The drawings made during 
the opposition of 1862, when compared with those made by Beer 
and Midler (1830-40), made it perfectly clear that in this planet 
we had to deal with onestrangely like our own in many respects. 
There were obviously land and water surfaces; the snow at the 
poles melted in the summer time; clouds were seen forming from 
time to time, and the changing tones of the wates surfaces sug- 
gested fine and rough weather. 

Afterward came the revelation of the hawk-eyed Schiaparelli, 
beginnning in the year 1877, and his wonderful map of the 
planet’s surface. The land surfaces, instead of being unbroken, 
were cut up, as an English farm is cut up by hedges; straight 
lines of different breadths and tints crossed the land surfaces in 
all directions and at times some of them appeared double. 
Schiaparelli naturally concluded that they were rivers—water 
channels—and being an Italian he used the appropriate word 
canal. This, unfortunately as it turned out, was translated 
canals. Now canals are dug, ergo there are diggers. From this 
the demonstration, not of the habitability, but of the actual 
habitation, of Mars was a small step, and the best way of signal- 
ing to newly-found kinsmen across some thirty millions of miles 
of space was discussed. 

The world of science owes a debt of gratitude to Mr. Percival 
Lowell for having taken out to the pure air and low latitude of 
Arizona an 18-inch telescope for the sole purposes of accumulat- 
ing facts tending to throw light upon this newly raised question. 
This he did in 1894. Schiaparelli has continued his magnificent 
observations through each opposition when the planet is most 
favorably situated for observation, and since 1896 Signor Ceruli, 
armed with a 15-inch Cooke, in the fine climate of Italy, has 
joined in the inquiry, so that faets are now being rapidly accumu- 
lated. It has been stated that markings similar to the strange 
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so-called “canals” on Mars are to be seen on Mercury, Venus and 
even the satellites of Jupiter. Percival Lowell does not hesitate 
to proclaim himself in favor of their being due, in Mars, to an 
intelligent system of irrigation. Signor Ceruli claims that where- 
ever seen they are mere optical effects. We may be well content 
to leave to the next century a general agreement on this interest- 
ing subject. 

Finally, in our survey of our own system come comets and 
meteor swarms. One of the most fruitful discoveries of the cen- 
tury, that comets are meteor swarms, we owe to the genius of 
Schiaparelli, A. H. Newton and other workers on those tiny ce 
lestial messengers which give rise to the phenomena of “ falling” 
or ‘‘shooting”’ stars. 

The magnificent displays of 1799, 1833, 1866, and, alas, that 


which failed to come in 1899, we now know must be associated 


with Tempel’s comet. This is by no means the only case so far 
established ; the connection will in the future be closer still when 
the orbits of the various swarms observed throughout the year 
shall be better known. 

Comets which attract public attention by their brightness and 
grandeur of form are rather rare, and, in fact only twenty-five of 
such have been seen since 1800. We have, however, with the 
great advance in instrumental equipment, been able to discover 
many which are searcely visible to the naked eye, and this has 
swollen the number of comets very considerably. In the seven- 
teenth century we find that only thirty-two were observed, 
while in the eighteenth this number was more than doubled 
(seventy-two). This century more than 300 have been placed on 
record, which is practically more than four times the number 
seen last century. 

The last great comet visible any considerable time was that 
discovered by Donati in 1858 and so carefully observed by Bond. 
It is unfortunate that since the importance, in so many directions 
of spectroscopic observations of comets has been recognized they 
have been conspicuous by their absence.—From Astronomy Dur- 
ing the Nineteenth Century by Sir Norman Lockyer. 


NoTE—Dr. S$. C. Chandler, in No. 490 of the Astronomical 
Journal, gives a new component of the polar motion. The 428- 
day term has a variation between 431.4 and 415.0 days, the 
mean length being 428.5 days. These fluctuations are embraced 
in a cycle of about 57 periods or 67 years. It remains during 
five-sixths of the cycle between 428.5 and 431.4, and then sud- 
denly shortens to 415 days and then immediately lengthens rapidly. 
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SCIENTIFIC PROGRESS DURING THE NINETEENTH CEN- 
TURY.* 

Bond’s perception of Saturn’s ‘“‘crape ring’’ led to a revival of 
curiosity as to the mechanism of the whole set of appendages, 
and the problem was solved by Clerk Maxwell in 1857. Their 
formation out of separately-revolving small bodies, demonstrated 
by him on abstract grounds, was beautifully confirmed by Pro- 
fessor Keeler’s spectrographic experiments in 1895, showing that 
the radial velocities in the different parts of the system have pre- 
cisely their theoretical values. 

Ideas regarding the nature of the planets and their central lum- 
inary have been profoundly modified during the last sixty vears. 
The four outer planets now rank as ‘‘semi-suns,”’ plastic by vir- 
tue of their proper heat; while Schiaparelli’s discovery of the 
canals of Mars, and their mysterious duplications, have tended 
greatly to impair the analogy, so apparent to Herschel, between 
that globe and the Earth. In 1837, too, Herschel’s theory of the 
Sun reigned without a rival. It nowseems as obsolete as that of 
Anaxagoras. The solar mode of rotation, by surface-drifts 
slackening towards the poles, discovered by Carrington from 
spot-movements, and reaffirmed from spectroscopic evidence by 
Dunér, cannot be that of a solid body; and all the observed phe- 
nomena point to the activity of vertical convection-currents on a 
prodigious scale, effecting the requisite exchanges of heated and 
cooled material between the interior and exterior, the expendi- 
ture in radiation being supplied by an income from gravitational 
shrinkage. Uncertainties of long standing and uncomfortable 
amount as to the temperature and distance of the Sun, have 
lately been, to a great extent, abolished. The photosphere ap- 
pears, from experiments made by Messrs. Wilson and Gray in 
1894, to be much more than twice as hot as the electric are, its 
temperature being about eight thousand degrees centigrade. And 
Dr. Gill’s measures of the minor planet Sappho, in 1889, fix the 
“astronomical unit,’? or mean radius of the Earth’s orbit, as 
ninety-two million eight hundred thousand miles. This value is 
unlikely to be materially altered. 

The comets of the century have been in many ways remark- 
able. Those that appeared in southern latitudes in 1843, 1880, 
1882, and 1887, followed each other nearly in the same path, 
and passed close to the Sun with tremendous speed, demonstrat- 

* Extract from Knowledge Diary, 1901. 


Continued from page 99 of Porv- 
LAR ASTRONOMY. 
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ing by their unretarded course the inconceivable tenuity of the 
solar surroundings. Like other similarly related comets, they 
probably are fragments of a single disrupted mass. The intimate 
connection of comets and meteors was indicated by Schiaparelli 
in 1866 on the ground of orbital identities, and was illustrated 
by the reappearance of the vanished Biela under the guise of a 
star-drift. The electrical nature of cometary 


illumination has 
been confirmed by varied evidence. 


Bredichin’s hypothesis of the 
three types of comets’ tails has proved a useful aid to research; 
and the presence of hydro-carbon bands in their spectra, first 
recognized by Dr. Huggins in Winnecke’s comet of 1868, has 
turned out to be all but unfailing. Finally, there is no longer 
reason to doubt that the undisturbed motion of these strange 
bodies is approximately parabolic, and that the periodicity of 
some among them has resulted from “capture” by the great 
planets. 

Celestial sensations have not been wanting. The Victorian age 
has witnessed the outburst of no less than seven new stars. 
T Corone, the first spectroscopically examined, showed itself to 
Dr. Huggins, May 16th, 1866, as wrapt in a mantle of blazing 
hydrogen; and its condition was typical, though not inevitable. 
The changes in quality of the fading light of such objects are sig- 
nificant and curious. Thus, Nova Cygni in 1876, Nova Aurigze 
in 1892, and Nova Normez in 1893, displayed, to begin with, 
spectra of the chromospheric type, which gradually assumed neb- 
ular affinities. 

All that is known about the distances of the stars has been 
learned since the Queen's accession. Near the close of 1839, Bes- 
sel announced a genuine parallax for 61 Cygni; two months 
later, Henderson communicated his detection of a larger one for 
a Centauri. This splendid southern binary has not, so far, been 
superseded as the Sun’s nearest neighbor; yet its light spends 
four years and four months in traversing the intervening twenty- 
five billions of miles. Sirius and Procyon are about twice as dis- 
tant; two or three insignificant, swiftly moving objects are of 
intermediate remoteness. On the whole, about seventy stars are 
ticketed with nominal parallaxes, of which, perhaps, half may be 
depended upon as real. Those measured with the heliometer by 
Drs. Gill and Elkin are of high authority; but henceforward the 
photographic method introduced by the late Professor Pritchard 
will doubtless be extensively employed. 

The immense enlargement in the power and scope of astronom- 
ical research effected during the last few decades was strikingly 
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illustrated by Sir George Airy’s administration at Greenwich. 
His deliberate policy was to keep the Royal Observatory true to 
its ancient purposes, nor has it ever departed from them. Yet, 
born successor of Flamsteed though he was, his mind was open 
to conviction; and he created, within a stone’s throw of the spot 
where Flamsteed had set up his iron sextant, a magnetic, a pho- 
tographic, and a spectroscopic department. The sister estab- 
lishment in the southern hemisphere, by the activity of which 
England’s universal dominion over the seas is extended to the 
skies, is about to follow suit. Ina year or two, through the gen- 
erosity of Mr. McClean, a great astrophysical apparatus will be 
erected at the Cape, and Imperialism will triumph in the New As- 
tronomy. 


GENERAL PERTURBATIONS AND THE .PERTURBATIVE 
FUNCTION.* 


JI. MORRISON, M.A., M. D., PH. D 


FOR POPULAR ASTRONOMY 


The three integrals which are given by (11), (15) and (20) con- 
tain six arbitrary constants, viz, a, e, 1, 2, ande, which are 
called the elements of the orbit of (m) and are obtained from ob- 
servation; the first two a2 and e determine the form of the orbit; 
the second two, i and & fix the position of the orbitin space, and 
the last two determine the position of the perihelion and the date 
of the passage of the planet through that point. These six quan- 
tities together with the mean motion suffice for the determination 
of all the circumstances of the undisturbed motion of (m) around 
the Sun. 

We now proceed to a consideration of the differential equations 
of disturbed motion. 

The integration of these in finite terms is impossible in the pres- 
ent state of analysis; we are therefore obliged to have re- 
course to a series of approximations. 

The masses of the planets being very small in comparison with 
that of the Sun the perturbing function © depending as it does on 
the order of the masses, is always a very small quantity com- 


P ph : ‘ : 2 
pared with —, and can therefore be neglected in the first approxi- 
= 


mation. The formula which result therefrom are then those of 
elliptic motion and starting with these we can arrive at the form- 


* Continued from Volume 8, page 309, of PopuLAR ASTRONOMY. 
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ulz of disturbed motion by two different methods, viz, 1st, by 
determining the corrections to be applied to these first values of 
the co-ordinates of the planet—the longitude, latitude and radius 
vector—in order that they may represent the disturbed motion 
and this is the method generally employed, and 2d, by regarding 
the orbit of the disturbed planet as an ellipse whose elements are 
changing every instant by the effect of the perturbing forces, and 
determining these variations by the employment of the method 
known as the variation of arbitrary constants—a method 
which we owe to the celebrated Lagrange, one of the most 
eminent mathematicians that ever lived. 

When we follow the latter process which is the easier and more 
natural one, we obtain by integration the finite values of the 
variations, da, de, 47, etc., of the elliptic elements and adding these 
finite values to these same elements or arbitrary constants we 
arrive at those which correspond to the disturbed motion, or 
a- 6a,e de, etc. The integrations cannot be effected directly 
but we can always obtain them by successive approximations, 
thus we commence by taking into account only the first power 
of the disturbing masses and we get a first approximate value of 
the elements now regarded as variable. By the aid of the values 
resulting from this first approximation, we obtain a second in 
which the squares and products of the perturbing forces are 
taken into consideration and continuing in this way we finally 
arrive at the values of 4a, de, etc., as accurate as we desire. 

It has already been shown that the differential equations of 
motion in the case of an elliptic and of a disturbed orbit are the 
following: 


(I). (11). 

d’x px d’x pLx do 

p= ev, ; j=, 
dt? “ti dt r dx 
d?y LV 0 d7y LV doe 

» , : ) - 4 , 
dt? Fr dt’ r ‘ dy 
d*z PZ 0 d*z eZ d® 

» > , > A , 
dt? es dt? r , dz 


, : d® d® do 

where © denotes the perturbing force and |, ,, , , the com- 
dx’ dy’ dz 

ponents of this force parallel to the three co-ordinate axes. 

We must now cause these six arbitrary constants to vary in such 

a manner as to satisfy group II. 
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Let us for the sake of simplicity represent in a general manner 
the six elements or arbitrary constants by the quantities a, b, c, 


: : , <2 , ar 
e, fand g, and at the end of the time ¢ let x y= 


dt’? ~ dt’ 
, d 


Z . ; . ; 
Zz ie’ the components of the velocity of (mm) estimated parallel 
> k 


to the three co-ordinate axes. Each of these constants a, b, etc., 
can be expressed as a function of the time t¢ and of the six vari- 
ables x, y, z, x’, y’, 2 and reciprocally we can obtain from these 
six integrals the expressions of each of the variables x, y, ete., as 
a function of the time t and of the constants a, hb, etc., thus we 
have the two systems of equations: 


II] IV 
ay (x, y,2,xX,y¥,2, t) x $ (a, b, c, e, f, g, t) 
b=w (x, y, 8, x,y ,#, t) Vv ¢' (a, b, c, e, f, g, t) 
c py" (x, ¥, 2, X,y¥,2, t) Zz ® (a,b, c,.e, f, 2 ©) 
e P(e, 7, 2, Ts 8s f) x ¢” (a, b, c, e, fg, t) 


In order to simplify the subject as much as possible, let us con- 

sider only one of these integrals, the first for instance, 
a Piet aes ee Sy 
The effect of the disturbing force being always very small and 
its action continuous, we can regard the values of the co-ordi- 
nates, x, v,z as constant during the interval dt; thus the above 
equation, during this instant, will be satisfied whether we con- 
sider either elliptic or disturbed motion, but in the next instant, 
the components x’, y’, z of the velocity will receive the increments 
dx’, dy’, 82’ which are represented respectively by the infinitely 
small quantities 
do d® do 


( dt, ( 
dx ° dy dz 


It 
and in this case, the element a now become variable, will have to 
be replaced by its differential variation which is 


da d® da d® da d®\ 
da ( : oe ea a a )at- (41) 


This relation and similar ones for hb, c, e, etc., enable us to take 
. d® do do : 

into account the terms |, 5, or the second member of group 
dx’ dy’ dz 


LI. 














J. Morrison. 1; 


et 
IO 


The preceding expression, however, must be put in a more con- 
d® de® de 
dx’ dy’ dz 
which it contains, the derivatives of ® taken with regard to the 
constants or elliptic elements a, J, c, etc. 


venient form by substituting for the partial derivatives 


Now ® being a function of x, v and z and these last functions of 


BND; Cos scue g (group IV) we evidently have 
d® d® da d® db d® de d® dg 
dx da’ dx db° dx qe dz° dg dx’ 
do® d® da do db d® dec d® dg 
dy da'’dv' db’dy de’dy ~~ dg’ dy’ 
d® d® da d® db d® de , d® dg 
dz da dz dh dz de’ dz — dg dz’ 


Substituting these in (41) we have 


la {da _ da da_ da da da\d® , 
™ \ dx’ * dx dy’ ‘dy dz dz )da‘ 


/ da db da _ db da db\d® 
\dx’ ‘dx | dy’ ‘dy | dz‘ dz/db‘ 


{/da_ dg da_ dg da dg\d® ‘ 

\ ° — > c 

\ dx’ ° dx dy’ dy dz dz/dg 
Sut the function © being independent of x’, y’, z’, its derivatives 
with respect to these three variables are each equal to zero, thus 


de® d® da d® db do® de d® dg 0 
dx’ da” dx’ db* dx’ de’ dx’ eee dg” dx’ 
d® d® da d® db d® de d® dg 0 
dy’ da’ dy’ db* dy’ de’ dy’ — dg’ dy’ 
d® d® da d® db d® de d® dg 0 
dz’ da’ dz db° dz de’ dw ~—"-*,,™ dg’ dz’ 


Multiply the first of these by 
da 


by j and subtract their sum from the preceding value of da and 
~ dz 


da da 
1x? the second by and the third 
ax 7 


1: 
dy 


we find 
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da f da db da db 
dt \ dx’ ° dx ax dx 


da db 7 da db da_ db da_ db \oE 
dy’ ‘dy dy’ dy’ dz dz dz’ dz /db 
7 ( da dc da dc 


ax dx dx’ dx’ 


da de _ da de _ da de da dc \er 


dy’ ‘dy dy’ dy’ dz dz dz’ dz /de 


( da dg da dg 
dx’ “dx dx’ dx’ 


da dg da dg da dg da dg \oe 


dy’ ‘dy dy’ dy’ dz dz dz’ dz'/dg 
: : : do® es — 
from which the derivative la has been eliminated. In a similar 
dz 
: : d® doe id : 
manner, the derivatives : ,ete., can be eliminated from the ex- 
db’ de 
‘ f dh de t 
yressions for ete. 
] dt’ dt’ 
. — .d® de 
If we represent the co-efficients of ih’ de’ St by the symbols 
ap adc “ 
: .da ‘ 
(a, 6), (a, €}....: (a, g), the preceding value of it may be written 
, , 
da d® d® do 
(a, b) a, c) — ++...... (a, 2) (43) 
dt - db de dv 


The co-efficients of the form (a, b), etc., which enter into the dif- 
ferentials of the six elements a, hb, c,etc., result from the combina- 
tion two by two of these six quantities; their number is there- 
fore thirty, but since the co-efficient (b, a) for instance is formed 
by permuting the letters a and b of the co-efficient (a, b) the 
number is reduced to fifteen, for according to the law of forma- 
tion of the co-efficients we have by permuting the letters, 

dh da db da 
(b, a) ( * dx dx dx’ 


' dy’ dy dy’ dy’ | dz’ dz dz‘ dz 
which is the same as that of (a, b) but with contrary signs, so 
that we have generally 


db da db da dh da db co) 


(b, a) = — (a, Db) (44) 
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For the coefficients formed of the same two letters we evidently 
have (a, a) 0, (bh, b) O, ete. 
If we now write down the values of the six differential equations, 
using the symbolic notation, we have 


(V). 
da de® d® d® . d@ do 
a,t a,c a, e Z a, 2g 
dt 9) db is, ¢) de aided de (4,1 ) af (4, 8) dg 
db d® d@ d® .. dO do 
= é 7: 4- b, ; ij = } : o 
dt ae ) da + (8, ¢) de (9) ©) de ime ) it (5, 8) dg 
de ( d® (7 doe ( d@© f d® d® 
-(a,c , Cc .e ., é, go 
dt ) da » ©) Ob © ©) Ge Ae ) dt (¢, 8) dg 
de (2 de } d® d® f de do 
dt a: é = (b, e) db (c, e) = ié, ) if (6, 8) Gi, 
df .. dO . d® d® . de d® 
é t = } s # / 
dt eal da (9, f) dh sade de \¢ ar (1, 8) dg 
dg — d@ — d® d® , do tia d@ 
dt 4,8) a0 (Db, g) dh (c, 2) s (¢, 8) 6 ( +8) ag 
From which we see that the fifteen coefficients which are actually 
required are the following 
(a; b), (a; ce), (a,c), (a, 7), (2) 
(b, c), (b, e), (b,f), (b, g), 
(ec, €), te, f), C2), 
(e. F), (e,2) 
(f, 2), 
If in the expression for (a, b) viz, 
tas wwe _db da . db 
dx’ ~ dx dx dx 
da_ db da db da db da db (45) 
dy’ dy dy dy’ dz’ dz = dz dz ” 


one of the quantities b forinstance isa function of certain quanti- 
ties, a, 8B, y which are functions of x, v, z, x’, vy’, 2’, we evidently 
have 

db db da dh dB db dy 

dx da’ dx dB’ dx dy’ dx 

db db da db dB db dy 

ax’ da’ dx’ dB° dx’ dy © dx’ 

db db da db dp db dy 

dy da” dy dp dy dy dv 
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and substituting these values in the expression for (a, b) above, 
we have 


(a, b) ( da_ da da da 


dx’ ° dx dx dz’ 


dy’ dy dy’ dy’ ‘dz’ dz dz‘ dz} da 
da dp da dB 
\adx dx dz dr 


da da da _ da da_ da da da \ee 


da dB da dp , da dB da dB \db 


- + 


dy’ dy dy’ dy’ dz’ dz dz* dz) dB 
4. ( da_ dy da_ dy 


dx’ dx dx dx 


| 
= = 
if 


, da dy da dy ,da dy da oy ae 


dy’’ dy dy’ dy’ ' dz’ dz dz’ dz /dy 
or employing the symbolical notation above we shall have 
db db db , 
(a, Db) (a, a) a (a, B) dB (a, y) dy (46) 


We now proceed to make an application of these formule to 
the determination of the differential variations of the six ele- 
ments or arbitrary constants which enter into the formule of 
elliptic motion. 


We first replace the six arbitraries which we have just been 


considering, viz, a,b,c, ¢, fg 
by a, 2,1, H, 1, , respectively. 


where instead of the excentricity e we use the constant H con- 
nected with e by the relation (9)* viz, 

H? = h? + h”? + h’? = ap (1 — ee’); 
for the element «, the arbitrary / connected with it by the rela- 


. . pe 
tion « — w = nl, where n = the mean motion \ a! by (18) and 
(20), and w, = distance from perihelion to the node. We will 
subsequently replace these constants by their usual values. 
; , i a ee xdy : — 
* Errata: In the first of (6) for 7, write dt? “group (9) first equation for 


(h? + h’”? + h’”) write / h® + h” + h’”, and in the fourth for H write H?; in the 
first of group (22) the numerator should be e-+ cos (v—w); in (24) for 


of 1 ‘ 2 1 \ . ee eee ' . 
2 tea write w#| = — > } in (25) for «x? write «x; and in 3d line after (28) 


for y = sin v write y =r sin v. 
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The fifteen coefficients which we shall now have to form are 
(a (a, eo 1, H), (a, 1 ), (a, »,), 
(2, 7) (8, ), (8, 7), (8, ,) 
(1, H), (4, I) x o,), (VI) 
(H, 1), (A, o, 
‘Fa w,). 
To facilitate reference to the preceding formulz we here give a 


table of such as have been already deduced in the preceding pages, 


thus we have 


(a) r 
(b) xy’ xy 
(c) zx' —z'x 
(d) yz—yz 
(e) x? -+ ¥y Zz 
(f) t+ 1 
(g) H 


(h) cos (» = 2 - o,) 


(1 ) tan i 
(j) tan Q 
(k) h 
1) h 
(1m ) h 
(n) sin v 
(Pp) r cos v 


Eq. (n) is obtained by projecting r on the 


projecting r, 


8 by (/). 


x and y on the line of nodes 


(VII). 
x?+y-+ 2, 
h, 
H. 
h’’. 

/2 1\ 
p 

LY y L/ 


a’ ‘ 
\ > (u e sin w), 
Ap ( 1 e”) 

(f? + hh? + hh’) 


1/ H* pr \ 


VY (h? + hh’) 
h 
h”’ 
h’ 
H cosi 


H sinicos 
H sin isin Q 


Zz 

rsini 

x cos 8 y sin $2 
h'y A’ x 

Y h* + hi 


axis of z, 


and (p) by’ 
and then eliminating 
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From group (VII) we see that 
r= Ff (x, 7, 2) mF (hf. ) 
h Lae ee oF (FD) 
oe a= ie, se 2’) ’ oe 
B” =f (y 1) By V"s 2’) 1+ t f (a, r, H) 
a fir,y,#,.9P Vv — o, f (h’, h”, H,r,z) 
m7 (2. i’) 
Hence we have the following partial differentials 
(VIII). 
dr x @r yy @& Zz 
Ba, dx an oe ae 
o, it. ae oes, ae iii 
*) dx' —s dy’ e4AY > Ge vain 
dh dh’ dh dh’ dh dh’ 
¢ * ye z'* x? (0: ° =x’ at 
7 dx’ WY dx = dy’ “ dy ’ a dz sles 
dl dt P dw, dv 
( 4) dr dr’ dt dt 
_. i XZ _ dv Vz 
( 5) dx rsinicosv’ dy r sin 1 cos v 
., dv r—-Z7 dv ZCOS 1 
.s dz rsinicosv’ di rsin? 7 cos v 


—. dz cr) 1 
(9) dt (+ dt * dt Jr sin icos v 


didi dr x di dil_y dil dil_z di 


dx dr’ dx r ‘dr’ dy r‘dr’ dz r dr 
gq, a&Q h’ cos? 2, d& cos’ 2. dQ ZCOS 1 
C9) Gh’ h® > dh’ * de Hsmi 
di i... «a 1 _ di Se ee 
(10) Gh Hsin? dH~ Htani’ dz H°°8!°° 
(11) =a = rsinicos v 
dz 
dH dH dH 
“2 dx’ TS dy’ a dz 


By the aid of (45) and the preceding partial differentials we 
‘easily obtain the following fundamental combinations which en- 
ter into the calculation of the fifteen coefficients shown by group 
(V1). 
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(1X). 
[a] (h, h’) a: {ho ) ne ae h 
[b] (a, h) 0: (a, hl’) 0: (a, h’’) O 
(h’, h) (h, h’) h’| 
[ec] (h", h) — (h, h’) h' 
(hf) — (h’, h” h 
[d| (h, H) = (A, t’) J + (h, h") -! O by (46) and [c] 
; I oe 4 
[e] (h', H) = (hh) 7 + (h', h’) 7 0 
, ” ” h i ine We 
[f] (h", H) (h", h) aH” (h", h’) H O 
J , d82 ’ AX 
[eg] (8, h) (h’, h) dh (h”, h) dh 1 
i _ 1/ di, di, di’ 0 a 
[hh] Cag : & dx’ 1 dy’ Zz 9 ' since 7 isa 


function of h, h’ and h” or of H and independent 
of x, v and z. 


[k] ial da dr da dr da dr 


~ . | -. Ss , (a being indepen- 
dx’ ‘dx * dy’ ‘dy dz‘ dz as 


dent of x, y and z). 


L/ da da da 
x ~+y > +25 
r ( dx ‘oe dy dz , 
2a? 9 ’ 9 ,dr 
ae | a 9 a2 
(xx VI ZZ ) za 
r dt 


FD tnd = a + Gon) p= ae 
From what precedes we have 

] t + a function of (a, H, r) 
and since / is independent of x’, y’ and z we shall have by (45) 
and (46) with respect to any constant a 


] dl da \ dl da dl da 
4) 7 ¢4 dx’ ~~ dy’ dy’ dz dz'/ 
dl dl 
(a,¢) a, + 4) aA 
1 dl ; da — da a da 
a oe dx’ ~ dy’ ” dz / 
dl dl 
+ é a t a 7 
t (a,a) 5 + (H,a) (47) 
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We also have o, v a function of (a, H, r); we shall have in 
a similar manner with respect to any constant a 
1 do, / da da da 
(oy 4) cay df ** & ** ze) 


dv da dv da dv da dw dw 
{ | | ‘ a i = “~ 1 
t= dx " dy’ dy * dz’ 2) ra, 9) a, + (49) oe 


. ° . dv dv dv i . . 
substituting the values of  & & from (VIII) and regarding 


vas a function of i according to (n) of group (VII), we have 


1 du, ( ; da ; : da i da 
(o, @) r’ dr\* dx’ *? dy’ — *2) 
Z /. da — da | da 
' 3 sin i cos v Te dx’ '? dy’ ° dz’ / 
1 da P , 
rsinicosv’ dz (48) 
; dw, A » dv 
+ (4,0) Gat 4) ay t+ he) 
DETERMINATION OF THE 15 COEFFICIENTS. 
I. (a, &). We have Q fe 2") 
and therefore 
a ae : ns: ree ' ee 
(a, $8) = (a, f’) dh’ * (a, h ) th” QO by [pb] of IX. 
II. (a,7). We have i =*f (fh, h’, h’) 
: F ai. . a, oe 
therefore (a, 7) (a, h) dh * (a,h') dh (a, h”) dh” 
O, by [b] of IX. 
Bl. (a; @). We have H fib. Bh’) 
: dH ,. dH o, tea 
therefore (a, H) (a,h) dh 7 (a, h’) dh’ * (a,h ) ah” 
O, by [hb] of IX. 
IV. (Ja). In (47) puta = a, and substitute the values of = 
etc., from (VIII), and we find 
Be Ea dl 
(/, a) - (xXx + yy’ 4 ui’) 7 
dr dl 
2a’ , 
dt dr 
dl dt 


2a”, since a (a,a) = O and (A, a) = 0. 
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VY. (,, 4). We have o, = v — f(a, H, r). 
In (48) let «a = a, then the first term of the second mem- 


ta an 
ber becomes by (2) of (VIII) — 2a’ aes the second term 
¢ 


— eo , dv ; 
becomes by (2) and (7) of (VIII) — 2a? “" and the third 


dt 
term vanishes because (a, 2) O, and (H, a) and (1, a) 
each = 0 as already shown, therefore we have 
a2 / Gm dv ‘ or 
(w,, a) 2a? \ dt { dt, QO, by (4) of (VIIT) 
Vi.. OSs, 22). We have $2 fin, & >. then by (46) 
($8, 7) h', H) dso + (h", H) wind 
dh dh 
O by [e] and [f] of (IX) 
Vid. <CR:9). We have 1=f (hm) then by (46) 
; di di 
(8, 7) (8, h) a (8, H) a7 
Sut (8, A) 1 by [g] of (1X) 
and = 2 a - by (10) of VIII 
and (43,40) 0 as just shown above 
1 


therefore (9, 7) Wein?’ 
VIII. (1, 8). In (47) let a 8 and 9 isa function of h’ andh”, 
then since (a, 2) = 0 and (H, 2) = O the part within 
the parenthesis will vanish according to (12) of VIII, 
therefore (/, 2) O 
IX. (, 8). In (48) pute 8, then the first term of the second 
member will vanish by (12) of (VIII), the second term be- 
comes : . dl and the third term (7, Q) wl 
rsinicosv dz di 
for by what precedes (a, 2) = O and (1, Q) = O there- 
fore we have 


1 AQ : dv 
(w,, $) — — , --+ (1, § ) — 
rsinicosv dz di 
1 ZCOS 1 
rsinicosv’ H sin’ i by (6 & 9) 
1 zZCOS1 pashan 
—. —— of (VIII) 
H1 sini r sin’? 1 cos 1 ( 
ZCOS1 zZCOS 1 
QO. 


Hr sin® i cos 1 Hr sin® 1 cos 1 
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X. (i, H). Since jis a function of (H, h) that is of (A, h’, h’) 
we have 


, di , : adi, ss di 
(2, 27) (h, H) op + (h' H) dh’ + (h » H) apr 
0, by [d], [e] and [f ] of (1X) 
ma. C09): We have / = — t+ a function of (a, r, H). 


In (47) put « i andi being a function of (H, h), that 
is of (h, h’, h’), the term within the parenthesis will 
vanish by (12) of (VIII) and (a, 7) = 0, (H, 7) = 0 and 
we shall have (/, 7) 0. 

XII. (,, 7). In (48) puta = i, then as before the terms within 
the parentheses reduce to zero by (12) of (VIII) and since 
(a, 1) 0. CH, 2) O and (ji, 1) O by what precedes, 
we have 


; 1 di 
(w,, 1) — . ; ° , 
rsinicosv dz 

1 


= —; . + cos icos v by (10) of VIII) 
rsinicosv H 5 


cos 1 1 
H sini Htani1 


XIII. (/, H). In (47) put a H, then the term within the par- 
enthesis vanishes by (12) of (VIII) and (a, H) O and 
(H, H) O, therefore (/, H) O. 
XIV. (,, H). In (48) let a H, then the first two terms reduce 
to ; . rd and the third term vanishes, since 
rsinicosv dz 


(a, H) O, GH, Ff) O and (1, H) O, therefore 


(w,, fH) : : , rsin 1cos v 1 
rsinicosv 
XV. (,, J). We have / t + f (r, a, H) then by (46) we 
shall have 
dl dl dl 
(m, 1) (oy 1) dr ' italia da rie) dH 
and since (,, 2) O and (,, H) 1, and replacing 
(w,, r) by its value [/ ] of (IX) we have 
dw, dl 


(w,, 2) 2a? 


da dH 
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dw, dl ° 
a and dH derived 
from (f) and (p) of (VII), e being a function of (a, H), 


we shall find (»,, /) = 0. 


in which substitute the values of 


DIFFERENTIAL VARIATION OF THE SIX ELEMENTS. 


The first of group (V) gives the variation of a, viz, 


da ( j ) doe ( d® d® f do d© 
&, i t a,c r {8 €) : r ta, ;>T 1a, 2 
dt db “! de “! de dt 7 a 


and replacing these by the constants a, Q, 7, H, /and , we easily 
find the following results: 
Combination of a and /. 


da os , do dl — do (49) 
2a ant 2a° “{ 
dt dl dt da 
for with the exception of (a, /) for the first combination and of 
(/, 2) for the second, all the other coefficients are zero. 
Combination of H and o,. 
dH d® dw, 1 d@® d® 


= 50 
dt ~ do, dt Htani*’ di dH —_ 


for with the exception ot (,, H) for the first combination and of 
(w,, 7) for the second all the other coefficients are zero. 
Combination of Q and i. 


dQ 1 d@ di 1 do . de 
: _ i - " . -Cos]1 } 
dt Hsini’ di dt H sini \ d& do, / 
for with the exception of (8, 7) for the first combination and of 
(8,7) and (1, »,) for the second, all the other coefficients are zero. 
We will now replace H, / and , by the usual constants, viz., 
e, « and » respectively. 
These quantities are connected by the following relations 


H )} an(1 —e’) and nl = «—w 


We also have = % # from (18) 


Differentiating the first of these, we have 


dH Vp» (1—e’) da 1 ap de 
e 
dt 21a dt /i—e at 
1 i , da an de 
an 2 = 
and “dt v1i—e “dt 
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de 1 e’ da Vl —e dH 
hence 


: 5 52 
dt 2ae_ dt ane dt (52) 
dl dn de dw 
We also have n +4 
ae * dt dt dt 
oo 
and dn > da 
2a 
de dl dw eS « wo da 
whence we have n 4 ; ; 53 
dt dt dt 2 a dt (53) 


The quantity , is the angular distance from perihelion to the 
node and » the angular distance from a fixed axis in the plane of 
the orbit to the perihelion, it is evident that if the node remain 
stationary during the time dt, we shall have dw = dw,, but as the 
node has a motion of its own, we shall evidently have dw = dw, + 
the motion of the node projected on the plane of the orbit which 
to quantities of the second order is expressed by dQ cos i, there- 
fore we have 


dw dw, 5 = wisi (54) 


dt dt * 


We must now compare the derivatives of ® considered as a func- 
tion of the provisional arbitraries a, H, /, Q, i and », with the de- 
rivatives of the same function in regard to the elliptic elements 
a, e,¢, 8%, iand o, 

Differentiating © under these two hypotheses we have 


de d@® da : d® dH , d® dl 
dt da * dt aw dt * ds dt 
d® dQ . d® di : d® do, 
dX dt di dt do, ° dt 


(d®\ da , d® de , dO de 
\ da )° dt ' de‘ dt ° de’ dt 


/ dO dQ | (SF) di d® dw , 
) di /' dt dw ~ dt 


\dR/ dt ‘ 
/ d® \ da 


\ da /)* dt 


da  (1-—€@ da yi-é di) 


de | 2ae ~ dt ane. at:_' | 
d® d9 de ; - 
: as dO and di re here bracketed in order to distinguish them trom the 


same derivatives in the first hypothesis. 








Equating the co-efficients of 


de 
da 
d® 
dH 
d® 
dl 
d@ 
8 
d® 
di 
d@ 


dw, 
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; d® ( 3 e€«—w da dl 
. — 7 a a tie 7 dt 
dw,  . dQ ) 
at ilies dt | 
/ d® \ d82 
\dQ/° dt 
{/ d® 5 di 
. dij «ai 
<. 3 a cos iS | by (52), (53), (54). 
da dH dl 
7 dé di , etc., we have 
/ d@ \ 1 —e d® 3 e—wo d® 
.\da/' 2ae ° de 2° a’ de 
y1—e «de 
— atne ’ de 
d@ 
de 
/ d@®~ / J@ d® . 
| t- | COs 1 
dQ) \de * do, 
/ d®@\ 
\ di / 
d® d® 
de ' dw 
d® de® 


Substituting these values of 


te., 1 9 50) < 
a. du? ° , in (49), (50) and 


(51) we find with the aid of (52), (53) and (54), after suppress- 
)’s which are now useless 


ing the ( 
da 
dt 
de 
dt 
183 
dt 
dw 
dt 
di 
dt 
de 
dt 


evista 
2a°n 
de 
1—e’* \ 
— 5 (1 
a-en { 
cosec 1 PAO) 
anyil—e’’ di 
v1—e do 


aen — de 
cosec 1 cO 


anyY1—e dX 


— 2a°n 


a®@ yY 1 


da a” ne 


d® d® ) 


de ' dw \ 


2 ) ® 
ty ar V1 —e’) 


de 


which are the differential variations of the six elements of elliptic 


motion. 
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THE GEGENSCHEIN. 





ISAAC E. CHRISTIAN, 


Fork POPULAR ASTRONOMY 


In a very interesting article published in the Observatory for 
January, 1899, Mr. J. Evershed attempts to account for the 
Gegenschein, by assuming it to be due to sunlight reflected to us, 
from a tail or stream of hydrogen and helium molecules escaping 
from the Earth and passing out into space in an opposite direc- 
tion to the Sun. 

This theory seems to account in a somewhat general manner 
for many of the phenomena observed in this truly difficult and 
perplexing object. 

The absence of any appreciable parallax, however, as pointed 
out by Professor E. E. Barnard seems to be a very serious if not 
a fatal objection to it; for although Mr. Evershed in answer to 
this criticism claims that the difficulty can be obviated, at least 
to acertain extent, by assuming that the stream is several mil- 
lions of miles in length, yet even with this assumption it seems 
that we should still have a decided parallax from its nearer and 
consequently denser portions. 

The fact also that there is no appearance of the dark shadow 
of the Earth superposed on the face of the Gegenschein seems to 
militate against this theory—Mr. Evershed, in his article pub- 
lished in PopuLark AstTRONOMY No. 67 seems to appreciate the 
force of these objections. 

Another serious objection to this theory is that it fails to show 
any connection of the Gegenschein with the zodiacal band. Of 
course it is possible that this connection is only apparent but it 
seems more reasonable to conclude that the two phenomena are 
physically connected with each other, and one cannot resist the 
impression that any theory which can be relied upon to explain 
one of them should also be able to account for the other. 

The greatest objection however, to this theory seems to be 
that it offers no explanation whatever for the various changes 
which observation shows to be constantly taking place both in 
the size and shape of the Gegenschein. These changes are now so 
well authenticated that it seems to me that any theory which 
fails to account for them must necessarily be regarded as insufh- 
cient to explain the Gegenschein itself. 

It is obvious therefore that while this ‘‘tail theory’’ accounts 
ina general way for the Gegenschein, it is still insufficient to ex- 
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plain some of its fundamental characteristics, and is to a certain 
extent at variance with some of its appearances. 

At the same time it seems that Mr. Evershed’s assumption of a 
cometary tail of hydrogen and helium molecules streaming away 
from the Earth is fairly justifiable. In fact Professor G. Johnston 
Stoney demonstrated several years ago by a very careful mathe- 
matical investigation based on the kinetic theory of gas that the 
molecules of these two gases are necessarily constantly escaping 
from the outer limits of our atmosphere and passing out into 
space. 

It is highly probable therefore that the molecules of hydrogen 
and helium really do leave the Earth and pass out through space 
in a long stream very much as Mr. Evershed has supposed. It is 
also highly probable, I think that this stream plays an important 
part in producing the Gegenschein. Not however as Mr. Ever- 
shed supposes, by reflecting the sunlight to us from the tenuous 
gases of which it is composed, but by coming in contact, as it 
passes out through space, with a ring of meteors revolving either 
around the Earth or the Sun, and heating them to incandescence 
by friction. 

A ring of meteors, revolving either around the Earth, or around 
the Sun outside of the Earth’s orbit, in the plane of the ecliptic, 
would necessarily penetrate this stream, which, according to Mr. 
Evershed’s theory is always directed away from the Sun, and in 
passing through it would obviously be sufficiently heated by 
friction to become perceptibly incandescent. 

This it seems to me would necessarily produce a faint glow of 
diffused light in that part of the sky, in every way corresponding 
to the appearance of the Gegenschein 

It will be seen that in this way both the Gegenschein and the 
zodiacal band can be satisfactorily explained and their connec- 
tion with each other readily understood by assuming that the 
band is due to reflected sunlight from the ring of meteors, and 
that the patch of slightly greater luminosity on this band at the 
point opposite to the Sun, known as the Gegenschein is due to 
incandescent light caused by the friction of the meteors in pass- 
ing through the stream of hydrogen and helium molecules at 
that place. The absence of parallax can be accounted for by as- 
suming that the meteors pass through the stream at a sufficient 
distance from the Earth to render its parallax imperceptible. 

The changes which take place in the size of the Gegenschein can 
also be explained it seems by assuming that the meteors are fol 
lowing a very elliptical orbit so that they pass through the 
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that the meteors are unevenly distributed along the ring, some- 
what like they are in the Leonid stream so that on that ac- 
count they produce more light in passing through the stream at 
certain times than they do at others. 

The elongated form which is sometimes observed is probably 
caused by the action of the Moon deflecting the stream slightly 
out of the plane of the ecliptic at certain times, so that the 
meteors at such times pass through only one side of it. Perhaps 
also the meteors do not revolve exactly in the plane of the ecliptic 
so that at certain times on that account they pass through only 
one side of it. At such times it is obvious that the side of the 
stream lighted up by them wouid present an elongated appear- 
ance east and wet along the ecliptic, corresponding to the elon- 
gated form of the Gagenschein. 

OCEANA, W. Va. 


CO-OPERATION IN OBSERVING VARIABLE STARS. 


EDWARD C. PICKERING. 


The number of known variable stars of long period is now so 


great, and is increasing so rapidly, that the observation of many 
of them has been greatly neglected. Observations by Argelan- 
der’s method are so easily made that they are especially adapted 
to observers who, for various reasons, cannot use precise photo- 
metric methods. In the case of variables of small range, inelud- 
ing those of short period and many of the Algol variables, the 
subjective errors greatly diminish the value of observations by 
Argelander’s method. In these cases, also, the periods and light 
curves appear to be better to observe such objects photometri- 
cally throughout their variation, if possible, and thus determine 
the light curves. Small variations in the period can then be de- 
termined by occasional observations at times when the light is 
varying most rapfdly. Many of the variables of long period ap- 
pear to change irregularly, and continuous observations are re- 
quired until the nature of the changes are known. Moreover, 
the range is, in many cases, so great that the errors of observa- 
tion are not sufficient to affect seriously the form of curve. The 
method of observations for these stars, which has been in use 
here for the last twelve years is as follows: A sequence of com- 
parison stars is first selected as near the variable as possible, and 
“ach about half a magnitude brighter than the next in order, the 
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brightest being somewhat brighter than the variable at maxi- 
mum, and the faintest, fainter than the variable at minimum. 
Care is taken not to include double stars or those near brighter 
stars. The stars brighter than the tenth magnitude are then 
measured with the meridian photometer. This has been done 
for nearly all of the comparison stars selected here. Magnitudes 
determined with the meridian photometer, for all stars of the 
the seventh magnitude and brighter, can now be furnished upon 
a uniform system. For the fainter stars, measures have been 


made of large numbers of stars as faint as the thirteenth magni- 


tude, and photometers are now in use with which the faintest 
stars visible in the largest telescopes can be measured. As the 
apparent magnitude may sometimes differ from the measured 
magnitude, it has been found best to estimate independently on 
several nights the interval between each of the adjacent stars in 
the sequences, and adopt magnitudes found by combining these 
estimates with the photometric magnitudes. Having thus pro- 
vided standards of comparisons on the same scale for stars in all 
parts of the sky, a variable may be compared on any night with 
the stars nearest it in brightness in its sequence, taking care to 
select one that is brighter and another fainter. From estimates 
of these intervals in grades, the light of the variable is readily 
reduced to the standard scale. When a variable is faint, it is im- 
possible to observe it for several days every month, near the time 
of full Moon. At least one observation should be obtained in 
the interval between successive times of full Moon. This can 
only be done for polar stars, owing to the proximity of the Sun 
at certain seasons. Since the periods of a certain large portion 
of the variables of long period exceed half a year, it is evident 
that monthly observations will, in general, give a good idea of 
the form of the light curve. Of course, additional observations 
should also be obtained, but failure to secure any observation 
during a long interval should be avoided if possible. Since 1889 
an attempt has been made to observe seventeen circump ylar 
variables, north of declination 50°, at least once a month 
These stars are always above the horizon at Cambridge, so that 
they can be observed at all seasons. The results for the years 
1889-1829 will be found in Volume XXXVII, Part I, of the 
Annals, which is now printed and in process of distribution. 
Similar observations have been made of about sixty other vari- 
ables, but less regularly. At Arequipa, similar observations have 
been made of a large number of southern variables. It is 
much to be desired that all variables of long period should be 
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observed in the same way, or at least so that all can be reduced 
to a uniform scale of magnitudes. Co-operation is necessary to 
attain success in this work. Variables near the ecliptic can be 
observed when near the Sun much better at tropical stations 
than at those near the pole. The reverse is true for polar varia- 
bles. Northern variables can be observed for a longer portion of 
the year at northern observatories, and southern variables at 
southern observatories. When a variable can be observed only 
in the morning it is much more likely to escape observation than 
at other seasons. A computation has been made of the date on 
which the variables mentioned above are 20° above the horizon 
at Cambridge at midnight, and also in the morning and evening 
when the Sun is still 10° below the horizon. Thus, these three 
dates for the star, T Andromedz, are July 1, May 1 and March 
12. Accordingly, from May 1 to July 1 this star can be observed 
only in the morning, from July 1 to March 12 it can be observed in 
the evening, while from March 12 to May 1 observations are dif- 
ficult owing to twilight. When a variable is bright it is best ob- 
served with a small telescope, that is, one having an aperture of 
not more than 6 or 8 inches. Observations of great value could 
be obtained by an observer with a large telescope if he was noti- 
fied when the star was too faint to be observed with smaller in- 
struments. The excellent charts of Father Hagen are almost in- 
dispensible for observing the stars when fainter than the ninth 
magnitude. When the variables are bright, the need has been felt 
here for charts on a smaller scale and covering a larger region. 
After various experiments, photographic enlargements have been 
made of portions of the admirable charts of the Bonn Durch- 
musterung. A region 3° square, surrounding each variable, has 
been enlarged three times, thus giving a map on the standard 
scale of one minute of arc to one millimetre. The stars on these 
maps, while appearing coarse by daylight, are thus easily seen 
and identified at night without using a light bright enough to 
dazzle the eye. The designations of the stars in the sequence are 
marked upon these enlargements, and copies will be furnished at 
cost. Charts will be furnished free of cost to experienced ob- 
servers who are ready to co-operate in the above plan of work. 
Observations of nearly equal value can be obtained by those un- 
accustomed to estimating intervals in grades. It is only neces- 
sary to enter on the charts the standard magnitudes of the com- 
parison stars, and from these to estimate directly the magnitude 
of the variable. Charts are now being prepared, and with the 
corresponding magnitudes can soon beturnished for the following 
stars: 
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T Andromeda, T Cassiopeiz, R Andromede, S Ceti, S Cassiopeia, R Piscium, 
R Arietis, o Ceti, S Persei, R Ceti, U Ceti, R Tauri, R Aurigz, U Orionis, R Lyncis, 
R Geminorum, S Canis Minoris, R Cancri, V Cancri, S Hydra, T Hydra, R Leonis 
Minoris, R Leonis, R Urs Majoris, X Virginis, RComz Berenices, T Virginis, R 
Corvi, Y Virginis, T Ursa Majoris, R Virginis, S Ursze Majoris, U_Virginis, V Vir- 
ginis, R Hydra, S Virginis, R Canum Venaticorum, S Boétis, R Camelopardali, 
R BoGtis, S Libra, S Serpentis, S Coronz Boreolis, R Herculis, R Scorpii, S Scor- 
pii, U Herculis, V Herculis, R Urs Minoris, R Draconis, S Herculis, R Ophiuchi, 
T Herculis, R Scuti, R Sagittarii, R Cygni, x Cygni, S Cygni, RS Cygni, R Del- 
phini, U Cygni, V Gygni, T Aquarii, R Vdlpecula, T Cephei, S Cephei, SS Cygyni, 
S Aquarii, R Pegasi, S Pegasi, R Aquarii and R Cassiopeiz 

If the above plan proves successful, it is hoped that it may be 
extended to the other variable stars of long period. 

HARVARD COLLEGE ORSERVATORY, Circular No. 53. 

January 16, 1901. 


ILLUSTRANIONS FROM ASTRONONY. 
W. W. PAYNI 


No other science offers so much apt matter that may be used 
for illustration, as the science of astronomy. On this account, 
we have often wondered that more use of its varied and rich ma- 
terials was not commonly made by those who write and speak 
on popular themes for ordinary instruction. Astronomy is the 
oldest of the sciences; it embraces a wide range of fact and the- 
ory; its discoveries from the beginning of the Christian era have 
disclosed many of the most wonderful truths and principles in 
the structure and maintenance of the physical universe that are 
now known to man. 

In most of the common lines of thought this branch furnishes 
illustrations that are very unique in many ways, and therefore 
they are apt and forceful. as illustrations in written or oral 
speech especially if they are known to be exact and truthful. Sup- 
pose one wishes to illustrate the idea of large size, or wide ex- 
tent, or great volume, the astronomer’s universe at once comes 
to mind. In geometrical sense, this means the length of a very 
long line, or the area of a very great surface, or the contents of a 
large figure, or an etherial volume that bewilders the mind, not 
trained to think of very great things, by some units of measure 
that may be comprehended in specific ways. 

It is known to most people that the distance of the Sun trom 
the Earth is about 93,000,000 of miles. It has taken a long 
time tor the astronomers to prove this fact, and he confesses that 
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he is not now certain of this number of miles as a measure of the 
distance to the Sun within about 200,000 miles, which means 
that the actual distance may be 200,000 more, or less than that 
named above. While his knowledge of the Sun’s distance is un- 
certain in one or two hundred thousand miles, he is perfectly sure 
that the error of his knowledge can not be greater than that 
amount; for his trials in the solution of the problem in some 
twenty or more different ways, in modern times, since the inven- 
tion of the telescope, have given results which certainly fall 
within the limits of error just named. The work on the new 
planet Eros, that is now going on at many large Observatories 
may give results that will somewhat reduce the amount of this 
error, but we will not know how successful this work will be un- 
til it is completed which will require about two years’ time. 
Many of the most able astronomers in the world are associated 
in carrying out essentially one plan of observational work to se- 
cure new data, and if possible, that which is better than that 
known before at any time, for the sole purpose of getting a bet- 
ter knowledge of the Sun’s distance. This is the celestial unit for 
much of the astronomer’s work. He counts by it, he multiplies 
and divides by it, and performs many other operations by it, in 
the same general way, that other people use the foot, rod or mile 
in ordinary terrestrial calculations. If we want to illustrate the 
dimensions of a great magnitude, some idea of the value of this 
unit should be clearly in mind. Usually men of science say it 
takes light 499 seconds of time, or about 8 minutes to reach us 
from the Sun. This is only another way of saying that light 
travels 186,330 miles per second to pass over so great a distance in 
so brief an interval of time. We can comprehend the interval of 
eight minutes, but we can not realize a velocity of anything that 
should move fast enough to fly around the Earth more than seven 
times in one second of nime. Think of the condition of things on 
the Earth’s surface that would allow any such terrific velocity. 
As our surroundings are now constituted, any one knows that 
any material object would not last a large fraction of a second, 
for, in this very brief interval it would be violently torn in pieces 
and burned up. Very feeble illustrations of this thought are seen 
in the flight of meteors through the atmosphere at less or greater 
altitudes. 

From the experience of every day life, we come to think and be- 
lieve that we know something about velocity of movement, or 
motion in some of its varied forms; but when we try to compre- 
hend these very great numbers, or such instances of very swift 
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motion, we soon learn that all our terrestrial examples of such 
ideas are small, and seem but trifles in comparison with the 
grand scale of things as they go on in the great universe about 
us. 


Take another fact for the sake of illustrating the idea of uni- 


formity. This life is one of change, but man is a creature of 


habit, and he thinks and does to-day largely as he did yesterday. 
This great sphere we call the Earth revolves on its axis once in 
24 hours. Its rate of motion is more than 1000 miles per hour 
at the equator and the middle latitudes. Its path around the 
Sun, which is made once each year is a long one, and the Earth 
must go init at the rate of 18% miles per second to make that 
great journey in 3654 days. We have no such visible instances 
of velocity that we can observe on the Earth, in our common ex- 
perience, or can contrive in our best equipped physical laborato- 
ries. The idea of this very rapid motion is wonderful; but it is 
still more surprising when we think of the steady, smooth and 
noiseless way in which these great bodies in eelestial space glide 
along, in a rushing speed which we commonly think of as a spe- 
cies of violence almost imaginable. 

We pause here to give place to other matter which has just 
come to hand that should appear this month. 


SPECTROSCOPIC NOTES. 


In the Astrophysical Journal for March, 


fessor Campbell publishes a pre 
liminary determination of the rate and diré 


tion of the Sun’s motion among the 
stars, as deduced from his measures of motions of stars in the line of sight. The 
proper motions of the stars have been frequently discussed to find the directios 


and approximate velocity of the Sun’s mot 


on; and while their motions ar 
minute, the stars exhibit clearly the tendency open out in front of us, to drift 
bs beside us, and to close in 4)chind us That motions in the line of sight could 
be used for the same purpose has long been recognized; the stars in front of us 


should seem on the average to approach, those behind us to recede, and those be 
side us to stand still. Professor Campbell’s measures of these motions have been 


so numerous and so accurate that they furnish the best material now availabk 


for this method of determining the Sun’s motio1 As no stars south of declina 
tion — 30° are included in the discussion, the distribution of stars is unsymmet 
rical, and a final determination must await the measurement of the velocities of 
the stars near the south pole. The number of stars available for the present dis 


cussion is 280, which by averaging neighboring stars has been arranged in 80 
groups containing from two to nine stars each rhe results are, for the Sun’s ve 


locity among the stars 19.89 kilometers per second, with a probable error of 1.52 


km. (12.5 miles + 0.9 mi.); for the position of the point toward which the Sun's 
motion is directed, right ascension 277°, with probable error 


5°; declination 


+ 20°, with probable error 6°. This result for the position of the apex of the 
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Sun’s motion is in substantialagreement with the values derived from discussions 
of proper motions. A previous result obtained from a discussion of proper mo- 
tions, that faint stars give a more northerly, and bright stars a more southerly, 
position of the apex, is strongly confirmed by the fact that this determination, 
based on bright stars only, places the apex considerably to the south of the po- 
sitions deduced from the fainter proper motion stars. 

A classification of the stars by types of spectra shows no radical difference of 
velocity for the different types. When, however, the stars are classified by mag- 
nitude, a distinct, and rather surprising, progression is shown from smaller ve- 


locities for the brighter stars to greater velocities for the fainter stars. 


Immediately following is Professor Campbell's discussion of the motion in 
the line of sight of the conspicuous variable star ¢Geminorum. The close agree- 
ment of the variations of the star’s motion with the variations of the star’s 
light is strikingly shown, and the irregularities in the variable motion are pointed 
out. Elements of the star’s orbit as a spectroscopic binary are derived, the pro- 
jection of the major axis being 1,800,000 kilometers (1,100,000 miles). As a 
possible cause of the variation of the star’s light Professor Campbell suggests 
tidal action, varying with the changing distance of the components in the moder- 
ately eccentric orbit. 


In the recent congressional discussion of the Washington Observatory re- 
ferred to in Science, Feb. 8, it is interesting to note that colloquy in the senate, 
Jan. 22 referred partly to the appointment of an assistant in spectroscopic work; 
or rather to the substitution of that title for the present misnomer of skilled 
laborer. While the senator who inquired as to the appropriation for the purpose 
was undoubtedly pardonable in remarking that he was not aware that such 
work was being prosecuted at the Observatory, it is noticeable, and promising as 
well, that reference to spectroscopic observation has not been entirely absent 
from recent reports of the Superintendent of the Observatory. 


Preliminary reports of British expeditions to observe the total eclipse of 
May 28, 1900, as presented to a joint meeting of the Royal Society and the 
Royal Astronomical Society, are given in the Proceedings of the Royal Society, 
No. 439. Sir Norman Lockyer’s party, taken by H. M. S. Theseus to Santa 
Pola on the east coast of Spain, secured photographs with a six-inch prismatic 
camera in charge of Dr. W. J. S. Lockyer, and with. prismatic camera of twenty 
feet focus in charge of Mr. Fowler. It is considered probable that the photo- 
graphs of spectra with the long focus camera will yield new information with 
reference to the distribution in the Sun of various vapors. The succession of 
phenomena at the beginning and end of the eclipse was the same as at pre- 
vious eclipse. The spectrum of the corona was chiefly continuous, but the plates 
show coronal rings at \ 5303 in the green, \ 4231 in the violet and at \ 3987 in 
the extreme violet; these rings are readily distinguished from the chromosphere 
rings, as their bright places do not fall at the same points; the ring at \ 3987 is 
much more uniform in outline than the other two. Professor Turner and Mr. 
Newall, at Algiers, in addition to their interesting polariscopic work, secured 
with the large star spectroscope of the Cambridge Observatory a photograph 
at time of flash showing a large number of bright lines, and a photograph (ex- 
posure 49 seconds) of the spectrum of corona showing several corona lines and a 
continuous spectrum in which no dark lines are seen; and with an objective 
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»f the corona, but no 


grating, using the second order, a continuous spectrum 
marked coronal ring. Mr. Evershed selected a station in Algeria, near the south- 
ern limit of totality with the purpose of having a longer duration of the flash. 
His slight mishap in getting half a mile beyond the totality limit does not seem 


to have interfered at all with his getting valuable results; and in fact suggests 


the idea that important conclusions as to the exact nature of totality might be 
formed from data secured by observers situated at short intervals on a line cut- 
ting the totality limits perpendicularly. With a reflecting prismatic camera, 
consisting of two prisms before a reflecting telescope, and with a two-inch pris- 
matic camera he secured successful exposures of a second each at short intervals, 
and an exposure of ten seconds at mid-eclips« Professor Copeland, at Santa 
Pola, with a direct vision prism before a forty foot lens took a series of short 
exposures at the beginning and end of totality to secure the flash spectrum. 
Professor Christie and Mr. Dyson, at Ovar in Portugal, with two slit spectro 
scopes, one of them a four prism quartz spectroscope for the ultra-violet, took 
with each instrument fen exposures of a second each at beginning and end of 
totality to get the flash, and one of fifty seconds during totality. The short ex 
posures with the quartz spectroscope show 26 hydrogen lines in the violet and 
ultra-violet, and many iron and titanium lines, the titanium lines like the hydro- 
gen lines bright throughout the series, the iron lines reversing at the middle of 
the series. The continuous spectrum of the corona could be traced into the ultra- 


violet as far as \ 3600 


The opening article of Science, Feb. 8, is by Professor Pickering on endow- 
| 
hic 





ment of scientific research, a subject of w has been a frequent and a curi- 
ously consistent, expositor. He describes the circumstances by which the endow- 
ment was secured which yields the present income of the Harvard Observatory, 
available for its spectroscopic and other work. In his administration of large in- 


come Professor Pickering has very plainly placed himself in the number of those 


who show their belief in the value of hard work by hiring a great amount of it 


done. The article closes with an appeal that others may express their views on 


the subject 

In the Astrophysical Journal for January Professor Campbell publishes a list 
of six stars with specially large motions in the line of sigkt, three of which have 
motions of almost 100 kilometers (62 miles) per second. Included in the list is 
the well known parallax and proper motion star « Cassiopeiz, with a velocity of 
97 km. (61 mi.) per second. Assuming for the parallax 0”.275, and for the 
proper motion 3”.75 per year, the star’s velocity at right angles to the line of 
third of which, however, 


sight would be 66 km. (41 mi.) per second, about 





n space. It is perhaps 


ir system 


should be credited to the motion of the s« 
worth noting that this star, as being one of the nearer stars and exceptionally 
rapid in its motion, should be one of the first to.show a change in brightness due 
to changing distance. A short computation from the figures given shows that 
the change in its distance should make it brighter by a tenth of a magnitude in 


about two thousand years. 


In the Astrophysical Journal for January Herr Belopolsky describes the ap- 
paratus which he has constructed for the laboratory demonstration of the Dop- 
pler-Fizeau principle. With the moderate velocity of sound the Doppler-Fizeau 
principle, or Doppler’s principle as it is more usually termed in this country, finds 
frequent illustration both in laboratory experiment and in common experience; 
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as, for instance, in the lowering of the pitch of the whistle of a passing locomo- 
tive. But the velocity of light isso very great as to make it impossible to pro- 
duce in the laboratory a velocity sufficiently large in comparison to cause even 
the smallest measureable change in the wave-length of the lines in the spectrum. 
Herr Belopolsky in the construction of his apparatus has made use of the princi- 
ple that if light is reflected perpendicularly to the observer by a moving mirror, 
the effective velocity of the stationary source of light toward or from the observer 
is double that of the mirror; as may be seen by considering that in a given short 
interval the path of the light from the source to the mirror, and its path from the 
mirror to the observer, are edch shortened or lengthesed by the distance the mir- 
ror has moved. If then two oppositely moving mirrors are taken parallel, or 
nearly so, so that multiple reflections may be observed, the effective velocity of 
the source will be equal to that of the mirrors multiplied by twice the number of 
reflections; and by using a sufficient number of reflections the effective velocity of 
the source may be made such as to yield a measureable displacement of the lines 
in the spéctrum. In Herr Belopolsky’s apparat s the mirrors were attached to 
two wheels, much like paddles on a water wheel, and these could be made to ro- 
tate with great and equal velocity in opposite directions. The number of reflec- 
tions found practicable was six, the unavoidable losses of light becoming exces- 
sive for alarger number. The light employed was sunlight, which is quite per- 
missible if the same part.of the Sun is used as source throughout the experiment; 
and a powerful spectroscope was used after the reflections to produce the neces- 
sary dispersion. Photographs of the spectrum were taken, first with the mirrors 
at rest, then with the mirrors moving at a measured velocity, then with the mir- 
rors moving in the reverse direction, then finally with the mirrors at rest. The 
displacements of the lines in the spectrum, while exceedingly small, seem to be 
real, especially as they are in close agreement with the theoretical displacements 
calculated from the velocities of the mirrors. 


PLANET NOTES FOR MARCH, 


H. C. WILSON 


Mercury comes to inferior conjunction Mar. 7 and will be morning star, visi- 
ble to the eye in the east during the latter days of the month 

Venus is approaching superior conjunction and rises now less than an hour 
before the Sun. It may be interesting to some to follow the planet during the 
next two months, and see how close to conjunction the planet can be seen with 
the naked eye. Superior conjunction will occur on the last day of April. On 
March 18 at 1 a. M. Central standard time Venus and Mercury will be in conjunc- 
tion, Mercury being then 4° 30’ north of Venus. 

Mars is in best position for observation now, being visible at a good altitude 
in the early evening. That ruddy star which you see toward the east in the con- 
stellation Leo, brighter even than Regulus, is Mars. The course of the planet 
during March is retrograde, passing westward across the handle of the Sickle 
just below the star 9 Leonis. 

Jupiter may be observed in the morning, being near the meridian at 8 o’clock, 
among the stars of Sagittarius. 
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Saturn is in the same part of the sky and may be observed at the same hours 
with Jupiter. Both planets are unfavorably situated since they can be observed 
only at a low altitude. 


Uranus is in Scorpio about 25° west from Jupiter, but is also at a low alti- 


tude when visible. Uranus will be at quadrature, 90° west from the Sun, March 
7th. 





aOR 
THE CONSTELLATIONS AT 9 P. M., Marcu 1, 1901 

Neptune will be at quadrature, 90° east from the Sun, March 17. It is there 

fore near the meridian at 6" p. M. and can be observed in the early evening. Its 


position March 15 will be R. A. 5° 44™ 42 and Decl as £2. 


WEST HORIZQN/ 
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Central Standard Times of the Eastern and Western Elongation 
of the Satellites of Mars. 


PHOBOS. DEIMOS. 
East. West. East. West. 
A.M. P.M. A. M. P.M. A. M. P.M. A.M. P.M. 
March 1 5.8 9.1 2.0 5.3 1.0 

2 4.8 8.1 12.9 11.8 1.3 4.2 

3 3.7 7.0 7.5 10.8 10.5 = 
4 2.6 6.0 6.4 9.7 1.6 ne — 4.7 
5 1.6 4.9 5.4 8.7 7.9 ne vn 11.0 

6 12.5 11.5 1.3 7.6 a 2.4 ae ‘a 

a fe 10.4 3.3 6.6 8.4 5.3 

8 6.1 9.4 2.2 5.5 ; 11.5 

9 5.0 8.3 1.2 1.5 24 8 
10 4.0 7.3 $2.3 i. 8.9 _ _ 

11 2.9 6.2 6.8 10.1 ‘ic 3.2 12.1 

12 1.9 5.2 5.7 9.0 wa 9.5 6.3 ae 
13 12.9 11.8 4.7 8.0 pom _— ie 12.6 
14 7.4 10.7 3.7 7.0 3.7 ak ian 6.9 
15 6.4 9.7 2.6 5.9 10.0 se 

16 5.3 8.6 1.6 1.9 4.3 ey! 

17 4.3 7.6 12.5 11.5 0.5 7.4 a 
18 3.2 6.5 73 10.4 pas . = Pg 
19 2.2 5.5 6.1 9.4 4.8 7.9 
20 1.3 4.5 5.0 8.3 52.3 os 
21 13.3 11.1 1.0 1.3 5.3 2:2 
22 6.8 10.1 2.9 6.2 11.6 8.5 , 
23 6.7 9.0 1.9 5.2 ‘ a4 
24. 4.7 8.0 12.9 11.9 5.9 . 9.0 
25 3.6 6.9 1.6 10.8 i2.a pes 

26 2.6 9 6.5 9.8 6.5 3.3 
Ze 1.5 1.8 3.4 8.7 re 9.6 ii 
28 12.5 11.5 1.4. 5 Be | 12.8 3.5 
29 ‘eal 10.4 ae) 6.6 7.0 = 10.2 
30 6.1 9.4 4.0 5.6 ie 


Periodic time of Phobos 7> 39™ 13°%.85. Periodic time of Deimos 30" 17™ 
544.86. 


Deime 





APPARENT ORBITS OF THE SATELLITES OF MARS DURING THE OPPOSITION OF 1901. 
AS SEEN IN AN INVERTING TELESCOPE. 
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The Moon. 
Phases. Rises Sets 
(Central Standard Time at Northfield 
Local Time 13m less). 
l i h m 
March 5 Full Moon......... 6 51P.M 6 53a. M. 
13 Last Quarter...... 1 37 A.M 10 S& “ 
20 New Moon........... inn ae = 7 O5p.™M 
26 First Quarter..... 10 28 1 52a. mM 
Occultations Visible at Washington. 
IMMERSION EMERSION. 
Date. Star's Magni- Washing Angle Washing- Anglk Dura- 
1901. Name, tude ton M. 7 fim N on M. T. f'm N pt. tion. 
h n h m h m 
Mar. 2 w Leonis 5.6 17 16 19 17 42 351 O 26 
3 14 Sextantis 6.6 Li. 27 147 12 45 275 1 18 
4 36 Sextantis 6.6 5 45 S7 6 32 311 O 47 
4 p* Leonis 6.2 18 25 126 19 18 274 0 53 
7 g Virginis 5.2 9 16 S4 10 15 328 0 59 
10 B.A.C. 5109 5.4 10 10 112 11 11 281 1 00 
11. w Ophiuchi 17 14 54 102 16 23 279 1 29 
13 w Sagittarii L.0 12 30 119 13 23 24.6 0 53 
13 15 Sagittarii 5.6 is 22 28 13 49 337 O 27 
14 B.A.C. 6536 5.5 12 40 101 13 3 254 0 54 
14 d Sagittarii 4.9 iy Zs 67 18 46 271 1 23 
29 « Cancri 5.0 12 30 128 i3 11 200 O 41 
COMET AND ASTEROID NOTES. 

Comet 4 1900.—In Astronomical Journal No. 490 Mr. Aitken of the Lick 
Observatory gives observations of this comet extending from Sept. 3 to Oct. 21, 
190VU. He states that work on Eros, and later, unfavorable weather prevented 
him from looking for the comet again until Dec. 22. On that date he found it 
very close to the predicted place; but before a measure could be made it was 
blotted out by rising fog. It appeared to be aboutas bright as a star of the 15th 


magnitude 


Elliptic Elements of Comet c 1900.—In Astr. Nach 


Kreutz gives the following elliptic elements of Giacobi 
from observations dated Dec. 24, Dec. 28 and J] 14 
Epoch 1901 | 14 Berl NI l r 
VW i6 15’ 47°°.0 
w 171 29 ao: a 
Q 196 32 33 .841901.0 
i 29 52 16 .9}j 
, 951 91 
log a 0.558287 


Observations of Asteroids at Pulkowa.—B 


No. 3682 Dr. H. 


i'scomet ¢ 1900, computed 


illetin of the Imperial 


Academy of Sciences of St. Petersburg, March 1899, June 1899, April 1900 and 
Sept. 1900 contain observations of several of the asteroids, made with the 15 
inch refractor of the Pulkowa Observatory 1898, 1899 and 1900 

Orbit of the Asteroid (209) Dido.—In the Bulletin of the Imperial 
Academy of Sciences of St. Petersburg, April, 1900, Mr. Eugene Maximow gives 








- 
160 General Notes. 


anew determination of the orbit elements of the asteroid Dido from the obser- 
vations made at all the oppositions of the asteroid since its discovery in 1879. 
The following table is interesting in that it shows the changes of the elements 
due to the perturbations of the asteroid orbit by the planets Mars and Jupiter. 
The elements are referred to the equinox of 1890.0: 


Ep. & 1879 1882 1884 1885 
Osc. Nov. 30.0 Mar. 19.0) Sept. 4.0 Nov. 18.0 
o , , °o , ” °o , ”, 
M =128 58 33.25 278 33 19. 02 * 78 13 36.77 156 13 15.00 
w = 255 56 39.58 255 3 22.36 254 26 55.63 254 13 25.46 
S=_= 2 7 325.31 2 7 38.76 2 6 16.40 2 6 165.36 
i: 7 14 42.27 7 14 38.51 7 14 34.12 7 14 35.98 
= 3 40 37.70 3 41 a 41 3 43 15.84 3 44 18.48 
BL = 636.6923 636.746 636” .24645 636”.5892 
Ep.& 1887 1893 1895 1896 
Ose. Feb. 1.0 Mar. 1.0 Aug. 18.0 Oct. 31.0 
c , ” ° , ” ° , ” ° , ” 
M = 234 2 16.39 270 11 20.57 69 55 38.59 148 3 13.68 
w = 254 14 54.70 250 51 35.24 250 9 35.00 249 49 31.59 
O= 2 5& 40.81 1 53 9.79 1 51 44.80 1 51 44.05 
i : 7 14 36.12 7 14 25.91 7 14 19.42 7 14 24.07 
p 3 £5 30.80 3 45 0.27 3 45 1.59 3 45 54.59 
uw = 636.8980 636.5773 636.3418 636” .7586 
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We are favored in being able to present this month the continuation of Dr. 
Morrison's articles which have been prepared especially for this publication, at 
our personal request made to him some time ago.. We sought this aid of him be- 
cause he is an able mathematician and because he has had large experience in this 
kind of work while on the staff of the American Ephemeris and Nautical Almanac 
for so many years. We sought it also because there are scores of our readers who 
need just this kind of help, and quite a number of them have been asking for it 
long before we were able to give it. To the popular reader who has no knowl- 
edge of the college mathematics employed in this article, and two other shorter 
ones to follow, we wish to say, that this work is at the foundation of work to 
secure data needed to carry on very common duties in the functions of our gov- 
ernment. It ought to give a lesson to every reader of the extent and the com- 
plexity of a national government in modern times. If all may not read this ar- 
ticle with equal profit, all may know that some are greatly helped by it. 


The Case Almucantar.—We have been much interested in a description 
of the Case Almucantar by Professor Chas. S. Howe, of the Case Observatory, 
Cleveland, O. The article is a leader in the Astronomical Journal for Dec. 29 and 
is beautifully illustrated. In a concluding paragraph Professor Howe says: 

Ihe instrument was ready for use in March of this year, (1900). Since then 
I have been engaged in learning how to use it to best advantage, in adjusting the 
weights and in determining its changes of zenith-distance, after disturbance, by 
means of a delicate level. It is too early yet to speak of the character of its 
work. I might say, however, that it appears remarkably steady. It can be 
turned in azimuth 360 degrees without changing a delicate level placed on the 


telescope tube, more than seven seconds of are. All oscillation seems to have 














~ 


seneral Notes. 161 


ceased in one minute after setting. Stars can be observed after intervals of three 
minutes. Most of this time is taken up in setting the instrument and dome and 
making notes So far as oscillations go, obser t s could be made once in two 
minutes. Under rather unfavorable circums ings with a level indicated 
that the probable error of the setting was 0.1 Chis le up of three parts, 
viz.: the sluggishness of the level, tl rror of 1 d error of the instru 
ment. After deducting the first t { of suld seem to be very 
little left for the almucantat Othe | . 1 to ind te that it 
is more accurate than any k | I t re 
no tiresome determinations of | i l ‘ 1S 1 iT 
made much faster, and I b li 1 | | t 1 vith th tt sit 
circl A subsequent paper wil e he bt | 





Star-Numbers, 1899-1904.—The Pul 


kowa Observatory has ts B | au 

ties for star reductions for the rs 1899 | | ‘ cal ted 
fo. ( ich d \ al ( ‘ i sid | | I N ‘4 Ss 
revised constants of precess l 


Mrs. Augusta Mirer Young { death of 
Augusta Mirer Young, aged 65 { { d fe of Professor 
Charles A. Young, of Princeton | rred at Princeton, 
N. J., Jan. 18, 1901. A lingeri lis til tite thon 


took “A perfect woman nobly pl l I] ‘ s ndered to the 


Notes on the Progress of Double Star Astronomy.—Any person 


interested in double star astrot \ t r done in 
this branch during the last hundred t t brief view of 
this subject in No. 74, 1900 of t Pul S tv of the Pacific, by 
Professor William J. Huss rl} I : a.& ‘ Midler, Dawes, 
Secchi, Dembowski, Burnham, I] S | g« innati, Madi 
son, Harvard and Lick Obset to effective and very 


useful way 


A Rule for Forming Squares of Consecutive Numbers.—Sinc 


1 . ‘ 
i I 
we have the following simple and « 1 rf ling squares of consecu 
tive numbers: 
To the square of the precedi nut 1 t sreceding number and the 


number itself 


} 4 5 ) 

4 9 { 16 

5 16 1 29 
etc 


PERCIVAL HALL. 
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Shower of Leonids seen at Hudson’s Bay.--The 
Tronto Astronomical Society has the honor to announce that 


President of the 

he has received 
from Mr. R. F. Stupart, vice-president of the Society, director of the Toronto 
Observatory, and superintendent of the Meteorological Service of Canada, 
copy of the following notes made by his observer 


Bay: “November 15th, 1900. 


a 
at York Factory, Hudson's 
Very general display of shooting stars. Some 
very big ones NE. to SE. Sky full in shoals. 16th. Shooting stars seen until 
daylight. Scared the people—they thought it was the end of the world.” 


Latitude of the Observatory of Geneva.—Mr. Justin Pidoux, astron 
omer of the Observatory of Geneva, Switzerland, publishes in Mémoirs de la so 
ciété de physique et d'histoire naturelle de Genéve, Tome XX XIII, No. 3, the de- 
tails of a determination of the latitude of that Observatory. A remarkable thing 
about this determination ts the large difference of over 3” between the latitude as 
determined from stars culminating south of the zenith and that 
minating north of the zenith 


from stars cul 
The author determines the corrected latitude from 
the observed latitude by the formule: 


For south stars ~’ i” .657 0’’.296 sin z, 
For northstars @ ?’ 1 .557 +0 .296 sin z, 


in which ¢ is the corrected latitude, ¢’ the observed latitude and z the zenith dis- 


tance of the star. The latitude finally deduced is 46° 11’ 5977.3 

Naval Observatory Reorganization.—A bill to organize the National 
Observatory of the United States was introduced in the Senate Jan. 21 by Mr. 
Morgan. The bill provides that the United States Naval Observatory shall here- 
after be known as the national Observatory of the United States and shall be 
governed by a director, who shall report directly to, and be under, the Seeretary 
of the Navy. This director is to be an eminent astronomer appointed by the 
President at a salary of $5,000 per annum. 


It is also provided that there shall 
be a board of visitors of the national Observatory, to consist of one senator, 
one member of the House of Representatives and three astronomers of eminence, 
to be selected by the Secretary of the Navy 

Another chapter in this interesting story, that is continued from year to year 
has already begun. Scientific men will be interested to see how the plot will de- 
volop. 


Clock by vhich we Set all our Watches.—On page 11 of the Febru- 
ary Ladies Home Journal is an illustrated article under the title ‘‘The Clock by 
which we all set our Watches."’ We do not know the author, although the name 
is given in connection with the paper. It is so manifestly misleading in many of 
its statements that a passing notice of it ought to be given. We do not believe 
the author knows very well what he is writing about. The clock at the Naval 
Observatory in Washington does not control the time of nearly all the commer- 
cial centers of the United States. We personally know of more than 13,000 miles 
of railway lines with St. Paul and Minneapolis as center that have not the 
Washington time in any of their offices unless at a very few points tor local con- 
venience. But a little time ago the whole Gould system of railways was con 
trolled from St. Louis by the Observatory of that place, and not by the Naval 
If that time has been changed, we have not heard of it. 

There is a history connected with the so-called Washington Western Union 
time service that ought to be written up fully for the information of many who 
probably know little of the early facts about it. 


Observatory as a center. 
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Spectrum Analysis.—Arthur Schuster has written a clear and pointed re 


view of Kayser’s Handbuch der Spectroscop In speaking of concave gratings 
he says “a very elegant theory of these gratings due to Profestor Runge is , 
the first time published in full, and deserves t « widely read. It includes the 
very important practical question of thi siest method of adjusting the relative 
position of the slit, grating and camera, so t t when the carriage rolls along 
the beams, the spectrum should remain in f lL be displaced only in lire 
tion parallel to the plane containing the two 1 nguldr rails 

I was glad to notice that the disad { concave gratings, as well as 
their great advantages, was pointed out This of course was first given 
by Rowland as astigmatism meaning the fact t point on the slit of t eC 
troscope is drawn out into a lin 

Mr. Schuster savs that it seems to hit it s fact that no one should ve 
attempted to correct this astigmatis ) 1 ff evlindrical terms H sAavsS 
“T was only waiting until the | ( he Owens coll S 
available to try some experiments in this t Protessor Fitzgerald S 
had the same idea, and has already deter experiment, the proper posi- 


tion of the two tocal lines of the correct 








Ashton’s Analytic Geometry.—( rles H. Ashton, the author of this 
new book on Analytic Geometry, has be structor in Harvard University 
for some years, and a large part of the matter of this book has been used in his 
regular class instruction. He has med t ‘ contents in plain and soli 
analytics that would occupy classes in Hat f 60 to 70 hours of recitati 
work. 

Some things have been omitted, hich usual ppear in the later good books 
on this subject, but the author believes that the omitted parts do not seriously 
hinder future mathematical study. He has not repeated proofs for the different 
conics which are identical; or, very similar He has made a good point in proofs 
pertaining to oblique coGrdinates, i iking the same general 

The idea of giving place and time to solid analytics is manifestly a good one, 
at the cost of omitting some things that are often given to make the cout in 
plane analytics a littlke more complete in certain details. Students should have 
some regular drill in forming and using the common equations belonging to such 
work, for it will tend to generalize the knowledge already gained im the work of 
one and two dimensions 

Charles Scribner's sons are publishers ( chanical part of this new book 
is excellent. Teachers in this branch of study ill find it a choice text for the 
class-room 

Lick Observatory, Bulletin No. 1. his first number contains the re 
sults of observations of 325 comparison stars for the planet Eros comprising the 
first list of 319 stars published by the committ f the Astrophotographic Con 
ference of 1900, with six additional stars I ybservations were made by Mr 
R. H. Tucker assisted by Mr. R. T. Crawford, each star being observed on two 
nights. The star-places are made to depend upon eight fundamental stars taken 
from Newcomb’s Catalogue of Fundamental Stars for 1900. The entire group of 
eight fundamentals was observed upon thirty nights; andthe last four only, upon 


eight nights for the reduction of 15 stars of the list 
Mr. Tucker finds for the probable error of the mean of two observations in 
R. A. 0*.011 sec 6 and in decl. 07.19 The combination of the two co-ordi 


nates gives 0”’.26 for the probable error of a star place in the list 
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Concerning the publication of the Bulletin Professor W. W. Campbell, the di- 
rector of Lick Observatory says: 

“The Lick Observatory herewith begins the issuance of a Bulletin, to supply 
a want long felt. The Bulletin is not intended to be a medium of publication for 
matter in its final and detailed form: but rather that it should be limited to an- 
nouncements of the more important discoveries; to results whose usefulness de- 
pends upon prompt distribution; and to results unsuitable for journal publica- 
tion, and which cannot await publication in volume form 


It is not intended that 


he mailing list shall include individuals, except in the 
rare case of those investigators who would not readily have access to the Bulle- 


tins through institutions.”’ 


Frequency of Earthquakes.—Mr. Charles Davison, a well-known 


authority on Seismol 


gy, contributes an article on * The Progress of Seismology 
during the Nineteenth Century” to this month's Knowledge The following is a 
short extract: ‘Changes in the amplitude, period and direction of earthquake- 
vibrations are readily distinguished without instrumental aid; but seismographs 
have done more than merely add precision to the evidence of our senses. They 
have rendered manifest features of the earthquake-motion that would otherwise 
have passed unnoticed. Still more interesting are the revelations of the horizon- 
tal pendulum with regard to the pulsations of 


distant earthquakes. By the dis- 


| 


turbance of magnetographs, levels, or lakes, the prop: 





ration of surface undula- 
tions to immense distances had been known for more than a century. For the 
fuller knowledge gained during the last twelve vears, we are indebted to the late 
von Rebeur-Paschwitz and those upon whom his mantle has fallen—Professor 
Milne, Agomenone, Mr. Oldham and others. Much still remained to be learned 
in this fascinating field of inquiry, but it is no slight feat to have proved that, in 
an earthquake, two series of elastic waves traverse the body of the Earth with 
velocities of not less than 9 and 51% kilometers per second respectively ; while the 
slow period undulations spread over the surface at the rate of 3 kilometers per 
second, thelatter having been traced to distances of more than four-fifths of the 


Earth's circumference. It is 


an achievement worthy of the last years of the 
century. While the more obvious earthquake phenomena were well-known fifty 
years ago, closer study has revealed others of equal importance. Statistical 
inquiries have proved that earthquakes are far more numerous than was formerly 
supposed, the most modern estimate being that one takes place on an average 
every half-hour.” 


“The Earth not a Globe” is the subject of 100 proofs challenging every 
scientist in the world to refute one of them. Such a publication has been sent 
out by one O. J. Ruth, M. D. of Chicago, which is being printed and commented 
on, i Some prominent papers. 

Edward A. Orse has briefly and well answered this new earth-flattener in the 
Baltimore American of Jan. 16, 1901: 

“T would advise him to locate the North Star, and take hourly observations 
during the night, and he will find that the whole heavens have apparently turned 
on the approximate center. 

Let him then try Foucault's pendulum experiments for demonstrating the mo- 
tion of our Earth, and would furthermore suggest studying the action of the 
pendulum at the equator and then in the Arctic Regions; while up there he may 
possibly discover Captain Symme's hole. 
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This doctor while at sea has never gone aloft to see the top-gallant masts 


and spars of a ship clearly depicted against the sky, though the most powerful 
glass failed to bring the rest of her in view 

If inquirers, either military, civil (or using a modern expression) “mechani 
eal,” do not employ exact sciences, I should 1 to know who else does Then 


why do they allow for the curvature the Earth in constructin 


canals and waterways? 





To see our solar system exemplified o Is ut to direct his telescope on 
the planet Jupiter. He will observe the 1 S satellites in transit across the 
dise, continuing in their orbits to their bend 1 in returning to be eclipsed o1 
oceulted and so on indefinitely, 

Astronomy as a science depends upor SCI is made with tl t pre. 
cise Instruments, and is based upon | | leulations. The appell ) 
“The Queen Science” has, no doubt, b justl to l, and willever remain as 
such, in spite of Koreshanity or any otl S ' 

Astronomical Chart.—We have recent! ved through the « Sy 
of the author, Mary Proctor, who has inher ich of her father’s talent in 
astronomy, a sample of a very effective lus ical device 

The author’s purpose has been to give simple and practical n f ac 
quiring a knowledge of the stars. The devic nes a very clear and carefully 
engraved chart showing the stars of the four ter magnitudes onl \ yle in 
this latitude with a star finder which when placed over the chart exhibits the 
stars visible, on any selected date, and in add » these a series of map blanks 


with which to make maps and charts of the 


se stars on an enlarged scal 
This new device is a radical departure from the old materials—first, in that it 


gives the prominent stars, only those distinctly visible, and is therefore not likely 


to confuse the student; next, that even young children can easily find the stars 


visible and locate them in the heavens; third, and this is the strongest and most 


novel feature of all, the presentation of map blanks for progressive star maps 


It will, we feel sure, be universally recognized that this feature, the making of 
star maps, is of infinite value and will do more towards making astronomy a 


familiar science than anything which has apppeared of late years. We congratu 


both author and publisher on the presentation of a thoroughly practical and at 


the same time popular method of becoming acquainted with the stars 


The value of this elementary astronomy work in the lower grades p 


schools is inestimable. Upon a knowledge of the position of 


the stars, their re 
lation to the Earth, the fixed direction of the axis of the Earth and the Earth’s 
rotation depend the comprehension of many details in elementary physical 
raphy, (that part of physical geography from which we derive our know] 
the seasons, etc.) 
The charts are obtainable from the publisher, William Beverley Harison, New 
York City. (Price of complete set $ .75) 


Eclipse Photography.—tThe k 


f 


t solar eclipse offered great attraction to 
the photo-astronomical enthusiast, and great was the disappointment of many 
that they were unable to leave the country and join one or another of the many 
trips organized for observation purposes. Professor R. W. Wood, however, has 
recently devised a method of producing an artificial eclipse, which so resembles 
the real article that anyone can now enjoy the sight of an eclipse while seated in 


his arm chair at home. He can see it, and also can photograph it. En passant, 
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it may be said that a very fair artificial visual eclipse can be seen any evening 
from the inside of a four-wheeler if a disc of brown paper be stuck on to the 
window so as just to hide the nearest electric lamp. If the glass be an old one 
all the better. This effect, however, does not show the streamers, so conspicuous 
a phenomenon in solar eclipses, which Professor Wood's does. All the apparatus 
needed is a six candle incandescent lamp, a rectangular water tank (an old 
aquarium is just the thing), a short glass tube, and half a dozen strips of tinfoil. 
The tank should be filled with clear water, and about a teaspoonful of solution 
of mastic, in alcohol, added. The lamp wires should pass through the tube, and 
the latter attached to its end by enough sealing-wax to make the whole water- 
tight. Five or six strips of tinfoil, from half to one mm. wide, should be 
fastened with shellac cement round the lamp in groups opposite to each other, 
leaving clear spaces of equal width to the strips, and larger spaces, of course, 
between each group. Finally, a circular disc of metal a trifle larger than the 
lamp, is affixed to the top of the lamp, so as to cut off the light and represent 
the dark body of the Moon. When the light is turned on and the whole arrange- 
ment dipped in the water (rendered opalescent by the precipitated mastic) and 
viewed from the front, a most beautiful corona is seen, which the use of a Nicol 
prism shows to be radially polarized, as is the coronal light. To make the effect 
a visually perfect reproduction of an eclipse effect a little malachite green dye is 
added. There is then seen, if a proper amount of dye is used, ‘‘a most beautiful 
and perfect reproduction of the wonderful atmosphere round the Sun, a corona of 
pure golden white light, with pearly lustre and exquisite texture, and misty 
streamers stretching out till lost in the bluish-green background of the sky.”’ 
Professor Wood's description appears in a letter to last week's Nature, and is ac 
companied by a photograph which recalls most strongly the published photo- 
graphs of total solar eclipses.—The British Journal of Photography. 


The Naval Observatory.—The United States Naval Observatory has 
been receiving some attention in the Senate recently that deserves notice. The 
fact that the Naval appropriation bill had in it an item that refers to the Naval 
Observatory called out a discussion on Jan, 22 that appeared to awaken lively 
interest. Among other things Mr. Morgan said: ‘Now this great Observatory, 
perhaps the largest in the world—I think it 1s the largest one in the world—not 
larger, perhaps, though more costly than some of the private Observatories has 
cost the Government Of the United States for site, buildings, grounds and outfit 
$655,845, and for roads, pathways and gradings $95,900, making a total sum 
of $751,745. As [ understand it the Observatory does not have the rank 
amongst the Observatories of the United States, that it ought to have. There is 
very valuable work done there, a great deal of it, no doubt, but simply for the 
want of proper organization, the work has not been conducted in a way it ought 
to be. I have introduced a bill in the senate, to organize the ( )bservatory for the 
reason it has never had an organization."’ Mr. Newlands said: 

“T wish to state to the gentlemen that I understand that the Naval Observa- 
tory in England ts of great scientific value, not only to that country but to the 
world, for the reason that the men in charge of the Observarory are trained sci- * 
entific astronomers and not naval officers. Now, I would call his attention to 
that and ask him whether it is not advisable that this entire department of the 
Government be placed under scientific control, with a view to the advance of sci- 
entific information.” 

Mr. Cannon said: 
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“IT will say to my friend now, if he will not call on me for names, because I do 
not like to give these in a city of official direction—I will say to him that men 
who have been in the service, scientific men, astronomers of this Naval Observa- 
tory, and men I apprehend that are in its service now, have protested to me time 
and time and time again that it was not soefficient as it ought to be; that it was 
under a direction that was not in harmony, but that with less expense more ef- 
ficiency could be had.” 


Mr. Dayton who was a member of the Board of Visitors said: 

The question whether or not it would be better for the head of the institution 
to be an astronomer, either from civil life or from the corps of mathematics, is 
one which can not in this connection be determined. But, so far as the scientific 
work is concerned, I am satisfied that it is now being well done; and I want to 


call attention to the fact that in a two-page artick 


Science of recent date, criti- 


cising Captain Davis’s report to the Secretary of the Navy, it is admitted that 
the work is well done so far as the scientific part of it is concerned 

This is undoubtedly a fair statement, and s made in a spirit to be com- 
mended. It is to be hoped that this controversy will now be settled wisely and 


for time, seeing that it is under consideratio ipparently very favorable cir- 
| 
cumstances 


Observations of Eros at Northfield.—The following tables give the 
approximate Greenwich mean times of the middle of the observation, whether 


yhotographic or micrometric. The photographs usually occupied 18", five ex- 
I Bra] raj | } 
yosures being made upou each plate, 2 of 5 2 of 1™ and 1 of 2™ duration, in 
I 1 

such a way that the means of the two pairs of equal exposures and the single ex- 
posure were all at the same moment. The micrometric measures usually oceu- 


pied from a half hour to an an hour, according the difficulty of the settings. 


Each consisted of two distinct sets of measures of Aa and Aé in reverse order and 


with opposite settings of the position circl 


LisT OF PHOTOGRAPHS OF EROS TAKEN AT GOODSELL OBSERVATORY, NORTHFIELD, 





MINN., WITH THE 8-INCH REFRACTOR, BY H. C. WILSON 
Greenwich Mean time of 1 dle of « posure 

1900 h m 1901 1901 I m 
Aug. 28 IS 50 Novy 1 13. 38 Dec. 18 11 54 
Sept. 21 17 O02 2 ] OF 21 28 
26 16 17 7 if 12 19 11 43 
1S LO S 14 vi 20 16 
99 15 OO 10 11 36 20 i3 35 
Oct 5 16 49 13 12 O8 21 12 18 
9 14 58 17 ; 15 54 
10 14 47 2 45 16 OO 
18 O4 14 , 29 13 O02 
Ea 13 59 4 LS 31 12 09 

18 O06 15 11 4 1901 
12 14 32 2 12 45 Jan. 1 11 49 
is 23 23 21 2 12 O03 
16 13) 36 24 14 1 14 12 03 
lt Za 26 13° 49 15 11 58 
18 14 21 2 24 16 12 oO9 
iz 3 »g ia 2 18 12 06 
19 14 O03 22 Pe 21 13 O07 
is 32 30 i2 o9 24 12 44 
23 iS 8 Dec 4 138) 28 29 13 «50 
18 40 5 11 59 Feb. 2 i3 16 
24 14 36 S 11 57 } is 23 
18 4 11 11 45 5 12 56 
25 13 48 12 12 00 11 13 26 
26 14. 34 12 13 18 
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List OF MICROMETRIC MEASURES OF EROS MADE WITH THE 16-INCH EQUATORIAL 


OF GOODSELL OBSERVATORY BY H. C. WILSON. 
Gr. M. T mM. 7. 

1900 h m 1900 
Sept. 26 17 34 ¢ Noy. 30 
Oct. 10 16 11 20 Dec 

11 15 OS 
12 15 24 
16 14 45 
16 15 49 
17 16 
18 15 


Photographs of Eros at the University of Minnesota.—Professor 
F. P. Leavenworth, director of the Observatory of the University of Minnesota, 
Minneapolis, Minn., sends the following list of photogr: phs of Eros taken by 
him with the 10.5 inch Brashear photographic refractor. His general plan was 
to take three photographs on each night when possible, making several exposures 
oneach plate. This fine series of photographs will be of great value in furnish 
ing data for the investigation of the parallax of Eros. The Obse1 vatory at Min 
a Repsold measuring machine and Professor Leaven 


worth wilt doubtless carry forward the measurement and reduction of the plates 


neapolis is provided with 


as rapidly as possible with the means at hiscemmand. It is to be regretted that 


he is furnished so little assistance in observatory work and that a large part of 


his time is occupied with the duties of instruction in the Universitv: 
LisT OF PHOTOGRAPHS OF EROS MADE AT THE UNIVERSITY OF MINNESOTA WITH 
10.5-IN. REFRACTOR 

Date. Greenwich Mean Time. Date. Greenwich Mean Time. 
1900 h m 1900 
Sept. 17 9 10 Nov. 26 
26 > 50 apie 29 

28 


99 


m 
55 
50 
30 50 


CO i OOF 


1 


par ee ee ee re ee ee ee Nal al alae 


Dw obs w Lt 





